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ABSTRACT 


Even though a summary of Agricultural Soil and Feed Testing Laboratory's 
data indicated fairly high levels (20 - 25 ppm) of NH,F + H2SO, extractable 
P in a Solonetzic area, it was not certain that the high levels were due 

to Solonetzic soils. This investigation was begun with the following 
goals: to determine if the higher levels of extractable P in a Solonetzic 
area are definitely associated with Solonetzic soils; to account for the 
higher levels; and to ascertain the importance of the higher levels of 
extractable P to barley growth in a greenhouse experiment. 

Solonetzic and Chernozemic Ap samples, along with samples from virgin 
profiles of Solonetzes, Solods, and their geographically associated Cherno- 
zemic and Luvisolic series were taken from the southern and central regions 
of Alberta. Soil pH, oxalate extractable Al and Fe, organic C, particle- 
size distribution, inorganic P forms (by a modified Chang and Jackson pro- 
cedure), organic P, and total P were determined. Extractable P of the Ap 
samples was measured by NH,F + H9S0,, NaHCO3, Ca-lactate + HCl, and EDTA 
methods. Finally, barley was grown on Ap samples to determine its response 


to applied P. 


All four methods released more extractable P from the Solonetzic than 
from the Chernozemic Ap samples, though the Ca-lactate + HCl and EDTA 
extractable P values did not show a clear difference between the two groups. 
Comparison of the Soil and Feed Testing Laboratory's data with the soils 
of the Tofield-Ryley area showed generally higher levels of NH4F + H2S04 


extractable P in the Solonetzic than in the Chernozemic soils. 
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Fractionation results indicated the preponderance of Al-P and Fe-P 
in the Solonetzic and Ca-P in the Chernozemic sola and Ap samples. Ca-P 
was the preponderant form in all the C horizons. Organic and total P 
contents were higher in the Solonetzic than in the Chernozemic Ah 
horizons; however, in the Ap samples this trend for organic P was not 
apparent. Occluded-P contents tended to be high in the sola compared to 
the C horizons. 

The higher levels of extractable P of the Solonetzic Ap samples 
could not be explained by P fertilizer applications, total P content of 
the parent material, nor by contents of clay and organic P. The high 
acidity in the upper sola of Solonetzic soils, indicative of intense 
weathering conditions, apparently has resulted in relatively high con- 
tents of oxalate extractable Al and Fe and these probably account for the 
higher levels of Al-P and Fe-P and lower levels of Ca-P in the Solonetzic 
than in the Chernozemic sola. Since close correlations were obtained 
between the levels of Al- and Fe-P and extractable P measured by the four 
methods, the higher levels of extractable P in the Solonetzic than in the 
Chernozemic Ap samples can be explained by the higher contents of Al-P 
and Fe-P in the former. 

In the greenhouse, average dry matter yields of the check pots were 
not different for the Solonetzic and Chernozemic Ap samples and there 
were significant increases in barley yields with P applications in both 
groups. Whereas the NH4F + H2S0, and NaHCO3 methods separated Solonetzic 
and Chernozemic Orders in their extractable P levels, a clear-cut 


difference did not exist between these Orders in their plant-available 


P status. 
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I. INTRODUCTION 


Alberta has a large proportion of the Solonetzic soils in Western Canada. 
In spite of the considerable research done on their physical, chemical, 
mineralogical, and agronomic properties, little information is available 
on the phosphorus status of these soils. Since they occupy approximately 
four million hectares of agricultural land in Alberta and since phosphorus 
is the fertilizer nutrient added in second largest quantities in Alberta, 
it is important to study the phosphorus status of Solonetzic soils. 

In earlier investigations reported in the literature, attention was 
focused on total phosphorus in the determination of phosphorus supplying 
power of soils. However, total phosphorus analyses failed to predict 
phosphorus availability to plants. Further researches led to the idea of 
extracting a readily soluble portion of soil phosphorus. Thus, many 
workers used dilute solutions of acids, bases, and salts to relate the 
amount of extractable phosphorus ("available phosphorus'') in soils to 


plant growth. 


Among the various reagents to measure extractable phosphorus in soils, 


two which have received much attention in Western Canada during the last 


two decades are 0.03 M NH,F + 0.015 M H,SO and 0.5 M NaHco.. In an 


4 4 3 

investigation on 79 surface samples (0 - 15 cm) of Dark Brown, Thin Black, 
Degraded Black, and Gray Wooded soils of Alberta, Robertson (1962) studied 
the suitability of NH, F + H,SO/, and NaHCO, extractants. He found close 


correlation between the levels of extractable phosphorus measured by both 
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reagents and barley growth in the greenhouse. Although there were about 
10 Solonetzic samples in the study, no test was done to examine the 
suitability of the two methods for soils of widely different physical 
and chemical properties, as in the case of Solonetzic and Chernozemic 
soils. For practical reasons he recommended the NH) F + H)SO, reagent, 
which was in use at the Agricultural Soil and Feed Testing Laboratory 
(ASFTL), to measure extractable phosphorus of Alberta soils. 

A summary (Cameron and Toogood, 1970) of the ASFTL's data, on 63,000 
farmer-supplied samples from 1962 to 1969, revealed some trends in the 
distribution of NH)F + H,SO, extractable phosphorus. The extractable 
phosphorus levels increased gradually from 10 - 15 ppm in the southeast 
corner of Alberta to 26 - 35 ppm in the Edmonton area and beyond. An 
island of fairly high values (20 - 25 ppm) to the southeast of Edmonton 
was reported and it corresponds approximately to the main area of 
Solonetzic soils in Alberta. Though the predominant soils in this island 
are Solonetzic, it is not certain from the data that the higher levels of 
extractable Ee ene are due to Solonetzic soils. Moreover, very little 
information is available elsewhere on the extractable phosphorus status 
of Solonetzic soils. 


Therefore, this investigation was begun with the following goals: 


to find if the higher levels of NH, F + H5SO, extractable phosphorus 


in a Solonetzic area are definitely associated with Solonetzic 


soils; 


to seek an explanation, through physical and chemical properties, 


for the levels of NH, F + H,SO/, extractable phosphorus in 
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Solonetzic soils; and 


to ascertain the importance of the levels of NH F + H,S0O,, 


extractable phosphorus in Solonetzic soils to barley growth in 


a greenhouse experiment. 
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II. REVIEW OF LITERATURE 


A. SOLONETZIC SOILS OF ALBERTA 


Alberta has about four million hectares of Solonetzic soils and the 


majority of these occur in a relatively level area of shallow ground 
moraine extending about 480 km from Vegreville to Taber. Smaller areas 
exist in the Wetaskiwin - Edmonton - Westlock region, the Peace River 
region, and in a region south of the Cypress Hills (Bowser, Milne, and 
Cairns, 1962b and Odynsky, 1945). 

Solonetzic soils of Alberta owe their origin to an accumulation of 
soluble salts in portions of the landscape. The salt accumulation is 
usually from groundwater and the salts are generally sodium and magnesium 
sulphates. As long as groundwater brings salts to the surface continuously, 
there is little pedogenic development beyond the stage of Saline Regosols. 
However, any factor that decreases or intercepts groundwater flow inhibits 
the continuous upward movement of salts in the discharge area and 
ultimately decreases salt concentration at the soil surface. Once ground- 
water ceases to concentrate salts at the soil surface, precipitation 
leaches the salts into the soil and an entirely new process begins 


(Pawluk and Dumanski, 1969). 


The leaching causes desalinization and when the salt content is below 
0.10 - 0.15%, the exchangeable sodium peptizes the colloids (Bentley and 
Rost, 1947) which move downward and concentrate in the B layer. This 


layer is the solonetzic B horizon (Bnt) and it is characteristic of the 
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Solonetzic Order of soils as defined in the System of Soil Classification 
for Canada (Canada Department of Agriculture, 1970). Morphologically, 

the Bnt has columnar or prismatic macrostructure that can be broken into 
blocky mesostructure. The blocks are hard to very hard in consistence and 
have dark surface stains. Chemically, the Bnt has a ratio of exchangeable 
calcium to sodium of 10 or less. In this regard, some have reported high 
percentages of exchangeable magnesium in the B horizons of profiles which 
show typical solonetzic features (Ehrlich and Smith, 1958; Ellis and 
Caldwell, 1935; Riecken, 1943; and Rost and Maehl, 1943). However, 

Bowser et al. (1962b) noted considerable overlap in the percentages 

of exchangeable magnesium found in soils of the Solonetzic and Chernozemic 


Orders. 


As leaching continues, hydrogen ions gradually replace exchangeable 
sodium and the A horizon becomes more acidic. Simultaneously, there is 


a structural breakdown of the Bnt horizon. 


There have been several studies on the Solonetzic soils of Alberta: 
chemical and mineralogical characterization (Arshad and Pawluk, 1966); 
general characterization (Bowser et al., 1962b); study on the evolution 
of profile development (Brunelle, 1969); determination of equilibrium 
ion ratios (Khan and Webster, 1966); and base exchange studies (Wynnyk, 
1950). In spite of this extensive research, little information is 


available on the phosphorus status of these soils. 


B. INORGANIC PHOSPHORUS FORMS OF SOILS 


1. Fractionation of Inorganic Phosphorus of Soils 


Though there have been several fractionation procedures for soil 
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phosphorus (Chang and Jackson, 1957; Dean, 1938; Fisher and Thomas, 1935; 
Fraps, 1906; Ghani, 1943; Saunders, 1959; Williams, 1950; and Williams, 
1937), the Chang and Jackson procedure, or modifications of it, (Glenn 
et al., 1959*; Peterson and Corey, 1966; Syers, Smillie, and Williams, 
1972; and Williams, Syers, and Walker, 1967) has received much attention. 
According to the Chang and Jackson procedure, six forms of inorganic 
phosphorus are obtained by treating the soil successively with the 
following reagents: 

a. 1M NH,Cl -- water soluble plus loosely bound; 

b. 0.5 M NH,F (pH 7.0) -- aluminum-bound; 

c. 0O.1 M NaOH -- iron-bound; 

Gg. .0,25 M H SO, -- calcium-bound; 

e. 0.3 M Na-citrate and Na-dithionite -- reductant soluble iron-bound; 

and 
£f. 0.5 M NH,F (pH 7.0) plus 0.1 M NaOH -- occluded aluminum- and iron- 


bound phosphorus. 


Since this procedure was developed from studies on apatite and 
synthetic phosphates of aluminum and iron, problems arose when it was 
used for fractionating soil phosphorus, especially that of recently 


fertilized soils. The main problems were nonselectivity of NH,F in the 


separation of aluminum- and iron-bound phosphorus (Fife, 1959-63 and Khin 
and Leeper, 1960) and resorption of phosphorus by sesquioxides during 
NH,Cl, NH,F, and NaOH extractions (Bromfield, 1967a, 1967b, 1970; Smith, 
1965a, 1972; and Williams et al., 1967). A modification of the Chang and 
Jackson aeeddes be Glenn et al. (1959) reduced some of the errors due to 
nonselectivity. The modified procedure is as follows (M. L. Jackson, 


* Glenn, R. C., Hsu, P. H., Jackson, M. L.,and Corey, R. B. 1959. 
Flow sheet for soil phosphate fractionation. Agron. Abstr. p. 9. 
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personal communication): 

a. 1 M NH,CI; 

b. 0.5 M NH,F (pH 8.2); 

Ge,  O.1 M NaOH; 

d. 0.3 M Na-citrate, 1 M NaHCO3, and Na-dithionite; 

e. 0.1 M NaOH; and 

£. 0.25 M H2S0,. 
The original Chang and Jackson procedure has also been modified by other 
investigators (Peterson and Corey, 1966; Syers et al., 1972; and Williams 
et al., 1967). Several researchers have used the Chang and Jackson 
procedure or a modification of it (Glenn et al., 1959) to fractionate the 
native inorganic phosphorus of soils (Dahnke, Malcolm, and Menendez, 1964; 
Halstead, 1967; Juo and Ellis, 1968a; Levesque, 1967; Martens, Lutz, and 
Jones, 1969; Westin and Buntley, 1967; and Westin and DeBrito, 1969). 
Some workers have used the modified method of Williams et al. (1967) 


(Syers et al., 1970 and Williams and Walker, 1969): 


a. 1M NH,Cl for 30 min; 

b. 0.5 M NH,F (pH 8.2) for 24 hr with correction for resorption 
of phosphate from solution during extraction; 

c. 0.1 M NaOH + 1 M NaCl for 17 hr; 

d. Na-citrate-dithionite-bicarbonate; 

e. 0.5 M HCl for 1 hr, followed by 1M HCl for 4 hr if first HCl1-P 
is greater than 20 ppm; 


f. ignition at 550C for 1 hr followed by 1M HCl for 16 hr; and 


g. NaygC03 fusion. 
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Because of some of the errors inherent in the fractionation procedure, 
even after resorption corrections, the results obtained have to be inter- 
preted carefully. The NH,C1-P consists of soil solution phosphorus and 
easily soluble phosphate compounds of sodium, potassium, ammonium, calcium, 
and magnesium. Since the NH,Cl-P will be resorbed by sesquioxides and 
calcium carbonate during extraction, the concentration of this fraction 
reported is usually low for soils. The NH,F-P (Al-P) form may contain all 
of the aluminum phosphates plus some of the phosphorus resorbed during 
NH,C1 extraction. In the case of NHy4F extraction also, resorption of 
enor due to oxides of iron and calcium carbonate occurs. Consequently, 
the NaOH-P (Fe-P) may include all the unoccluded iron phosphates plus the 
phosphorus resorbed during NH,F extraction. In calcareous soils, calcium 
carbonate may resorb some of the phosphorus released during NaOH treatment. 
Reductant soluble iron-bound phosphorus consists of phosphorus occluded 
in iron oxides during the process of chemical weathering. Treatment with 
NaOH, after the sodium citrate-bicarbonate-dithionite extraction for 
reductant soluble iron-bound phosphorus, releases aluminum-iron-bound 
occluded phosphorus. Finally, the H)S0,-P (Ca-P) includes most of the 
remaining calcium phosphate compounds (tri- and octacalcium phosphates, 
apatites, and precipitates on calcium carbonate particles) and the 


phosphorus resorbed by calcium carbonate during the previous extractions. 


2. Distribution of Inorganic Phosphorus Forms of Soils 


The results of fractionation studies of different soils consistently 


show contrasting trends in the distribution of inorganic phosphorus forms. 
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Several factors such as the activities of various ions (aluminum, iron, 
and calcium), pH, parent material, intensity of chemical weathering, 
fertilizer practices, and activity of soil microorganisms are responsible 
for the different distributions of inorganic phosphorus forms. 

The predominant forms in acid soils are Al-P, Fe-P, and occluded 
phosphorus (Occl-P); whereas alkaline soils contain more Ca-P than other 
forms. Generally, neutral soils contain varying proportions of all the 
forms. These distributions would be expected because, above pH 6 - 7 
Ca-P is more stable than Al-P and Fe-P; whereas, below pH 6 - 7 Al-P 
and Fe-P are more stable than Ca-P (Hsu and Jackson, 1960). It is also 
observed that highly weathered soils are rich in Al-P, Fe-P, and Occl-P 
and less weathered soils have more Ca-P than other forms (Chang and 
Jackson, 1958; Smeck and Runge, 1971; Westin and DeBrito, 1969; and 
Williams and Walker, 1969). However, exceptions to the theory of 
increase in Al-P, Fe-P, and Occl-P and decrease of Ca-P with profile 
development have been reported (Alexander and Robertson, 1968 and Syers 
eL.ar., 1L97U). 

In general, all forms are greatest in the clay separate and lowest 
in the sand separate. The phosphorus forms in silt and clay are chiefly 
Al-P and Fe-P, whereas Ca-P is dominant in the sand. The increase of 
relative abundance of Ca-P with depth in all separates, as observed by 
Hanley and Murphy (1970) and Juo and Ellis (1968a) can be explained by 


the primary origin of Ca-P and secondary origin of Al-P and Fe-P. 
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C. INORGANIC PHOSPHORUS FORMS AND EXTRACTABLE 


PHOSPHORUS OF SOILS 


Many researchers have used several approaches to show the importance 
of various forms to plant removal of phosphorus or plant growth, pond 
correlated the amounts of these phosphorus forms and the phosphorus 
extracted by soil test reagents (e.g. 0.03 M NH,F + 0.015 M H»SO, and 
0.5 M NaHCO3). Close correlations have been observed between the amounts 
of Al-P and extractable phosphorus (Hawkins and Kunze, 1965) and between 
both Al-P and Fe-P and extractable phosphorus (Alexander and Robertson, 
1968). However, other workers found no close correlation (Blanchar and 
Caldwell, 1964 and Bornemisza and Fassbender, 1970). 

Some workers have tried to relate the amounts of various forms to 
plant yield. Their studies showed that Al-P (Martens et al., 1969 and 
Payne and Hanna, 1965), Fe-P (Levesque, 1967), Al-P and NH,C1-P (Halstead, 
1967), Fe-P and NH,C1-P (Al-Abbas and Barber, 1964), and both Al-P and 
Fe-P (Datta and Khera, 1969) were closely correlated with plant yield. 
However, Susuki, Lawton, and Doll (1963) reported that Ca-P was also a 
source of phosphorus to barley in addition to Al-P. 

Based on isotopic dilution studies to determine the surface activity 
of various forms, several workers demonstrated the quick isotopic exchange 
of Al-P and Fe-P compared to Ca-P (Dunbar and Baker, 1965; Machold, 1963; 
Tandon and Kurtz, 1968; and Weir and Soper, 1962). Some of these studies 
also showed that surface Al-P and Fe-P contents are greater than those of 
surface Ca-P, though the total quantity of Ca-P is the greatest. MacKenzie 


(1962) and Rotini and El-Nennah (1971) showed that Al-P supplied most of 
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the soil phosphorus to the soil solution. Exchange studies have also 
demonstrated the amorphous nature of Al-P and Fe-P. 

Other investigators observed the distribution of various forms 
before and after plant growth in soils. Their data demonstrated the 
significance of Al-P (Smith, 1965b) and Al-P, Fe-P, and Ca-P as sources 
of phosphorus to the plants (Singh, Martens, and Obenshain, 1966). 

Finally, some have grown plants on synthetic sources of Al-P and 
Fe-P. Their studies indicated that the relative availability of phos- 
phorus from colloidal Al-P and Fe-P was much greater than that from 
crystalline Al-P and Fe-P (Juo and Ellis, 1968b; Taylor, Gurney, and 


Lindsay, 1960; and Taylor et al., 1963). 


D. INORGANIC AND EXTRACTABLE PHOSPHORUS OF SOLONETZIC SOILS 


Based on the distribution of inorganic phosphorus forms of other 
soils, one would speculate that there would be more Al-P and Fe-P than 


Ca-P in the sola of Solonetzic soils. The scanty data from the 


literature seem to support this speculation. Considerable amounts of 


Fe-P in the sola of Solonetzic soils have been reported by some European 
workers (Dmitrenko and Shturmova, 1953; Ghobadian, 1967; and Haas, 1964). 
However, Mikanaev (1968) observed fair amounts of Ca-P, in addition to 
Al-P and Fe-P in the Solonetzic profiles. 

There is also meagre information on the extractable phosphorus 


status of Solonetzic soils. In three surface horizons of Solonetzic 


soils of central Alberta, Cairns (1961) reported fairly high levels of 


|)" eutedquedq elena als a6 okghirgeat ohdage oBth at sire 


Oe 4 


Ki i 


At 


Tey 4 i : J 


oele sve sate in agapdoxd | eda Som —_ ai - seine 
ev tet eee er 

amiol avolsey Yo wolsvdissekb ods Gapsedtio icine cane 0 
odd basazianomeb aaah stodt shiaoa ith dower ay sandg 19948 | 
aeoteok 8 Gxe) Ore ,f-ot «Gr th, bra (oRORL pda) mth 2 
(0081 ,ahadensdo bus ,2n09y0K axe) etch wilds 

has I~iA Lo eeowwon Sisodsnye oo einaiq owoup aa haiad tit 
~sorig to eidthdations ev ivatox ns seta beswo hn: eotbusa a, 
port edd onde asdnerg down) sae TAT tes ta) sebyatites waits 
bre. :yenaso <toRyer 7d Loris sin opl) T-97 brs Tl oatl! 


y 


(baer cake So (ta iyaT ope oe é wel 


autor DISTNMO.I08 “Ho asROHL OES ‘lennon Ha ee ag . 

twiso to amzod ensodqacild > pemrere Taree? 289 ao baeed 
pee thet bia 425A yom 38 blydy oyai | dana erpiuasqe blew. ‘an, J | 
at word, Bi8b yane ge al? Pi ioe ‘siv¥onofoe to ue aiid s - | 

Fo atnvome oldsrablaiiod \ Seeiiteai ena rrogque op asus nist t 
mesqozull amot a basigqet abe’ ovo ef tos obser soa te silos oda’ at on 
W501 ,wehE ‘tae {Weer hathadeedd. E28! , avenixgad2’ bas ome intl) seen 


a3 uistbhe at 380 Yo asinine 1462 bsvisado (Bde 1). vaginal 1M en 


A eaktiony Ske Fanoroe silt at Y-e% bn qeSA 
di 


Sapanodoe ta wosag8 BOSTTLe sha: at ettion i Pitencctat re avoe38 


12 


0.001 M H9SO, extractable phosphorus (42, 47, and 67 ppm). In a computer 
mapping study, Cameron and Toogood (1970) reported an island of fairly 
high extractable (0.03 M NH,F + 0.015 M H9S0,) phosphorus values (20 - 

25 ppm) to the southeast of Edmonton and this island corresponds approxi- 
mately to the main area of Solonetzic soils in Alberta. Their study 
involved averaging, on a township basis using a weighted moving average 
technique, the extractable phosphorus data from 63,000 farmer-supplied 
samples. 

Kvachi and Panov (1969) observed great reserves of elements (pre- 
sumably including phosphorus) soluble in acids in complex Solonetzes 
along the Volga River. In this regard, Szabolcs (1971) stated that the 
extractable phosphorus content of European Solonetz soils varies within 
a wide range depending mainly on parent material, pH, soil genesis, and 
other factors. In contrast, low amounts of extractable (0.5 M NaHCO, 
and 0.005 M H»S0,) phosphorus were reported for some of the Solodic soils 
of northeastern Queensland (Jones and Crack, 1970). 

In summary, though there have been studies on the physical, chemical, 
mineralogical, and agronomic properties of Solonetzic soils, little 
information is available on their phosphorus status either in the local 
or world literature. Therefore, an investigation to study the phosphorus 
status of Solonetzic soils of Alberta, with special emphasis on extract- 


able phosphorus, seemed desirable. 
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III. MATERIALS AND METHODS 


A. SOIL SAMPLES 


1. Ap Horizon Samples from the Tofield-Ryley Area 


Although the summary of the soil test data (Cameron and Toogood, 1970) 
showed higher levels of extractable (NH, F + H,80,) phosphorus in an area 
of predominant Solonetzic soils compared to adjacent areas of predominant 
Chernozemic soils, no field sampling had been done to show conclusively 
that the higher levels were associated with Solonetzic soils. Therefore, 
it was decided to take Ap horizon samples from soils identified in the 
field as Solonetzic and Chernozemic. Though the sampling could have been 
done in any number of areas where the Solonetzic and Chernozemic soils 
are found together, the Tofield-Ryley area was selected because of a 
sharp transition from Chernozemic to Solonetzic soils in it, because of 
its proximity to Edmonton, and because of plans to conduct field studies 
in this area. 

To obtain the samples, the Tofield-Ryley area was traversed along 
several municipal roads. From place to place, where inspection revealed 
a relatively uniform area of either a representative Solonetzic or 
Chernozemic soil, a composite Ap horizon sample was taken from an area 
of about 20 x 40 m. Seventeen such samples were taken from both Solonetzic 
and Chernozemic soils (see Appendix Table A5 for legal locations of the 


sampling sites). At the time of sampling, the fertilizer history of each 
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site was obtained from the farmer. These samples were air-dried, crushed, 


and passed through a 2-mm sieve. 


2. Virgin Soil Profiles 


Three virgin profiles each of Hemaruka (Brown Solonetz), Halliday 
(Brown Solod), Camrose (Black Solonetz), Daysland (Black Solod), Dnister 
(Gray Solonetz), and Nakamun (Gray Solod) were chosen to study the 
inorganic phosphorus status of Solonetzic soils. Along with these, their 
geographically associated orthic Chernozemic and Luvisolic profiles were 
also chosen. Thus, three profiles each of Maleb (Orthic Brown Chernozem), 
Beaverhills (Orthic Black Chernozem), and Cooking Lake (Orthic Gray 
Luvisol) were selected (see Table A6é for the legal locations of the 
sampling sites). Soil samples were obtained from the major horizons of 
all the 27 profiles (Table 1) and altogether, there were 114 samples. 


These samples were air-dried, crushed, and passed through a 2-mm sieve. 


3. Ap Horizon Samples for the Greenhouse Experiment 


After determining the extractable (NH, F + H,SO,) phosphorus levels 
in the 34 Ap horizon samples, 15 bulk samples, eight Solonetzic and seven 
Chernozemic, were obtained from some of the sites in the Tofield-Ryley 
area. These samples were chosen to represent the range of extractable 
phosphorus found in the 34 samples. Five other bulk samples, two Solonetzic 


from the Camrose-Stettler area where field work was in progress and three 
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Table 1 Virgin soil profiles and their horizons sampled 


Soil series* Classification** Horizons sampled 


ES 


Maleb, Mb Orthic Brown Aly, ‘bil, -Gca,: CK 
Hemaruka, Hu Brown Solonetz Ah, Ae, Bntl, Bnt2, Csk 
Halliday, Hd Brown Solod Ah, Ae, Bnt, Btsk, Csk 
Beaverhills, Bh Orthic Black Ah, Bm, Ck 

Camrose, Cam Black Solonetz Ah, Bntl, Bnt2, Csaca 
Daysland, Dl Black Solod Ah, Ae, Bntl, Bnt2, Csak 
Cooking Lake, Ck Orthic Gray Luvisol Ae, Btl, Bt2, Ck 
Dnister, Dn Gray Solonetz Ae, Bnel, Butz, Ck 
Nakamun, Nk Gray Solod Ae, Bntl, Bnt2, Csak 


* Three profiles of each series were sampled. 


** According to the System of Soil Classification for Canada, Canada 
Department of Agriculture (1970). 
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Chernozemic collected for a previous investigation (Omanwar, 1970) from 
the Edmonton-Lacombe area, were also used (see Table A7 for legal 
locations of the sampling sites). The bulk samples were air-dried, 


crushed, and passed through a 6.4-mm sieve. 


B. EXTRACTABLE PHOSPHORUS DATA FROM THE ASFTL 


The previous computer summary of ASFTL data for extractable 
phosphorus (Cameron and Toogood, 1970) was done on a township basis 
and used a weighted moving average technique to provide values for each 
township. Although that technique provided a broad picture of extract- 
able phosphorus for Alberta soils, it tended to mask the difference 
between Solonetzic and Chernozemic soils in areas where there was a 
sharp transition between the two soil orders. Therefore, it was decided 
to average, without weighting, the ASFTL data on a section basis and 
to compare the values obtained to the soils as shown on the soil map. 
The Tofield-Ryley area, bounded by ranges 16 - 20 and townships 49 - 51 
inclusive, was chosen for the reasons already stated and because there 
is an area of predominant Solonetzic soils in the middle bounded on 
either side by areas of predominant Chernozemic soils (Bowser et al., 
1962a). The extractable phosphorus values were averaged for each 


section, with five or more samples, and these values were plotted on 


an overlay for the soil map. 


mori (atel _ towne) ei ah Sinhala evotvasg | 7 707. bosaetio’ a 
{ogel wot TA sidel oes) beev oats szaw ae siding 
dubib~128 d394 ep igane ted aft. (amiae qnblkgmee sits oan | 


eke omapid o dgoorda see ae , bain 
j Pa dap 


JUIGA, UAT MONT ATA QURORRORY aNOATOAACKE ~<a 
eteisssabwaile 19i sieb JTEBA to yiamnne swaNigenes icici “a. a 


eiaad aidamwes 5 He cial elu (OES ,so0R00T one ne vss) 
: floss 19% esdlav Sbivexq of supladsss oyateve goivow baidgiaw a: owe a io 
~i9ex25 Yo saweslg beord 2 bebivedg impcatons decid dguopla Lb. aw 
S2095937 kb od damm os bebnes ud Weipbs, asad ch 502 ae 
6 haw otedd avec yodyu Az altos Steriscno | A ig otsadag lag | 
babtogh om at a ra wage iloe we oil), haswaed ada buneas 4 a 
_ bum -ahisad ‘aekions 4 'a0 pals. ota ots canitigael suas pane or 
oT ‘Live dd ame aumgie ‘8 vidos gi ay Tey @oulay og unmnca oa 
ie! ote eq i tanwos wm, os +1af aqyaet 4 Wehadcs:| So's ws | 
oxi ohwndd Maries, babs eadebox nk Sou ndtors saw vin Time 
_ He hgbagod skbbim ody mi alive atajanotoR InsMimedsag Io meee i" 
enka 9 r9@noa) ellos aimeronrsst} sosninoboxy Jo sesun Yd sbke sodtke 
oa 20 Bogetove oxew uy tev Sees geen wil hue 


ms Sra acne: peta ae 9 a eee: 


7 


17 


C. PHYSICAL AND CHEMICAL ANALYSES 


1. Soil pH, Oxalate Extractable Aluminum and Iron, Organic Carbon, 


and Particle-size Analyses 


Soil pH was measured in 0.01 M CaClg suspension (Peech, 1965). 
A mixture of 0.2 M ammonium oxalate and 0.2 M oxalic acid adjusted to 
pH 3.0 was used to extract aluminum and iron (McKeague and Day, 1966 
and Schwertmann, 1964) and both were determined by atomic absorption 
spectrophotometry. The wet oxidation method of Walkley and Black, as 
outlined by Allison (1965) was used to measure organic carbon. Finally, 
particle-size analysis was done by the hydrometer procedure (Bouyoucos, 


D962). 


2. Phosphorus Analyses 


a. Colorimetric Procedure 
All phosphorus determinations were done by the ascorbic acid 


method as outlined by Alexander and Robertson (1972). 


b. Inorganic Phosphorus Fractionation 
Inorganic phosphorus was fractionated by the Chang and Jackson 
procedure (1957) as modified by Glenn et al. (1959), except that 0.5 M 
NH,F was adjusted to pH 8.5, as suggested by Fife (1959-63), instead of 
pH 8.2 (Table 2). Because of the large number of samples, resorption 
corrections recommended by some investigators (Fife, 1959-63; Rajendran 


and Sutton, 1970; Smith, 1965a, 1972; and Williams et al., 1967) were 


not applied. 
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Table 2 Fractionation procedure for inorganic phosphorus forms 


of the soil samples 


Phosphorus form Abbreviation Extraction 
Water-soluble -- L g of soil + 50 ml 1M NH, C1 
plus loosely bound* for 30 min 
Aluminum- bound Al-P 50 ml 0.5 M NH, F (pH 8.5) 

ZOLOL er 
Tron-bound Fe-P 50 ml 0.1 M NaOH for 10 hr 
Occluded Occl-P 40 ml 0.3 M Na-citrate, 5 ml 
1M NaHCO, and 1 g Na- 


dithionite; and 


50 ml 0.1 M NaOH for 10 hr 


Calcium-bound Ca-P SOmmi Oe Zoe Oe sECope, JLo lave 


eS 


* Phosphorus of this extract was not determined because analysis of 
several extracts showed less than 2 ppm P in the samples. 
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c. Organic Phosphorus 
Organic phosphorus was determined by an ignition method proposed 
by Saunders and Williams (1955), with minor modifications. Instead of 
extracting a 2-g sample with 100 ml of 0.1M H,SO, for 16 p2 ne, aul 


l-g sample was extracted with 50 ml of 1M H,S0/, tor. 6. he. 


d. Total Phosphorus 
A wet digestion procedure as outlined by Pawluk (1967) was used 
for the total phosphorus determination, except that the sample was 


ignited at 600C instead of 900C. 


e. Extractable Phosphorus 

Phosphorus in the 34 Ap horizon samples from the Tofield-Ryley 
area was extracted by the NH,F + HjS0O, and NaHCO3 methods (Table 5's 
These methods were selected because of their use in Western Canada. 
Phosphorus in the Ap horizon samples used for the greenhouse experiment 
was extracted by the above two methods and also by Calcium lactate + 
HCl and EDTA methods (Table 3). The Calcium lactate procedure was 
included since it had not been tested for Alberta soils and EDTA method 


was included because in a previous study (Alexander and Robertson, 1972), 


encouraging results were obtained for it. 


D. GREENHOUSE EXPERIMENT 


The greenhouse experiment using 20 Ap horizon samples, 10 Solonetzic 


and 10 Chernozemic, was conducted to determine the response of barley 
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Table 3 Methods to determine extractable phosphorus of the Ap horizon 
samples 
pH of the Soil:Extractant Extraction 
Extractant extractant (g) (m1) time Reference 
0.03 M NH)F + 2.4 i UE he 2 min Miller and 


Axley, 1956 and 


0.015 M HoS0, 
Robertson, 1962 


0.5 M NaHCO, 8.5 2, 300 30 min Olsen et al., 
1954 

0.02 M Ca- Sa, 1.0350 Zhe Warren and 

lactate + Cooke, 1965 

0.01 M HCl 

a . M disodium- 4.7 265330 hohe Alexander and 

EDTA* Robertson, 1972 


ee 


* Ethylenediaminetetraacetic acid. 
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to added phosphorus in soils with varying levels of extractable (NH, F + 
H,SO,) phosphorus. Three rates (0, 20, and 40 ppm) of phosphorus were 


applied as H solution in a randomized block experiment with three 


3% 
replicates. Blanket rates of 100 ppm nitrogen, 80 ppm potassium, and 
33 ppm sulphur were also applied. Nutrient solutions were mixed with 
the samples and each pot was filled with 1,000 g of soil sample. The 
samples were then brought to 0.10 bar moisture content and allowed to 
sit for five days. Each pot was seeded with 12 barley seeds (cultivar 
"Galt') and after germination, the seedlings were thinned to five. The 
temperature in the room was kept at about 16C and artifical light was 
given for 17 hr per day until harvest. At six weeks from seeding, 


plant tops were harvested and dried at 70C for 24 hr to determine dry 


matter yield. 
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IV. RESULTS AND DISCUSSION 
A. EXTRACTABLE PHOSPHORUS OF THE Ap HORIZON SAMPLES 


The average NH, F + H»S0,-P and NaHCO,-P values for the 17 Solonetzic 
samples are 27 and 25 ppm, whereas those for the 17 Chernozemic samples 
are 11 and 12 ppm (Table 4), and the mean differences of the two groups 
of samples are significant at P = .01. In addition, the average values 
by the NH) F + H,SO,, and NaHCO, methods are 35 and 23 ppm for the 10 
Solonetzic and 16 and 12 ppm for the 10 Chernozemic samples used in the 
greenhouse experiment (Table 5), and again the mean differences are 
significant (P= .0D). 

A comparison of the soils and the ASFTL data of extractable (NH, F + 
H,SO, ) phosphorus for the Tofield-Ryley area (Fig. 1) also reveals 
generally higher levels of extractable phosphorus in the Solonetzic than 
in the Chernozemic soils. Although there are exceptions to the general 
trend, higher values are found in the center of the map where Solonetzic 
soils predominate than on either side of the map where Chernozemic soils 
predominate. Since the number of samples from the Solonetzic area 
greatly exceeds that of the Chernozemic, no statistical analysis was 
done to test whether the average values for the two groups are signifi- 


cantly different. In this connection, it is pointed out that the ASFTL 


values are for samples taken by farmers without any reference to the 


Soil Orders. 
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Table 4 Extractable phosphorus of the Ap horizon samples from 
the Tofield-Ryley area 
Solonetzic samples Chernozemic samples 
NH,F + NH,F + 
Sample H2S04-P NaHC03-P H2S04-P NaHC0O3-P 
no* ppm ppm ppm ppm 
Ml 29 27 11 14 
2 10 14 8 10 
3 19 18 8 9 
4 42 33 ee 17 
5 41 39 10 12 
6 34 33 7 9 
7 30 33 3 7 
8 20 ae 14 13 
9 28 33 11 13 
10 Zo 18 3 5 
A 24 17 2 6 
ibe 25 19 6 9 
iS 30 26 r2 2 
14 14 1 23 16 
LS 8 Fe 10 9 
16 42 31 2 24 
17 35 290.1 11 12 
Mean + s.d. 27 + 10** 25% 9 i+ 6 Ad tS 


'* The samples are not paired. 


*k The mean differences for 27,11 and 25,12 are significant at 
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Table 5 Extractable phosphorus of the Ap horizon samples used for 
the greenhouse experiment 


eee en eS 
nL — 


NH,F + Z Ca-lactate + 
Sample H9SO,-P NaHCO3~-P HCl-P EDTA-P 
ic ppm ppm ppm ppm 


a 


SOLONETZIC SAMPLES 


1 31 22 34 27 
2 9 8 8 8 
3 i 8 LL 9 
és 48 26 oh 35 
5 40 28 45 30 
6 26 21 32 23 
7 45 30 41 30 
8 sul 32 45 30 
y 45 52 48 38 
10 42 27 38 26 
Mean + s.d. 35 + 15% 2 +29 35 + 14 26 + 10 


1 13 9 30 25 

2 20 14 30 23 

3 10 9 13 11 

4 24 18 39 32 

5 4 9 9 8 

6 26 15 bal 32 

7 15 12 24 18 

8 8 6 11 9 

9 14 12 34 25 

10 28 18 31 25 
Mean + s.d. 16+ 8 C7 ae 26 + 12 a 4 9- 


pe ee Ne 
* The mean differences for 35,16 and 23,12 are significant at P = ZOE 
whereas, those for 35,26 and 26,21 are nonsignificant at P = rO 5. 
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The average Ca-lactate + HC1-P and EDTA-P values are 35 and 26 ppm 
for the 10 Solonetzic and 26 and 21 ppm for the 10 Chernozemic samples 
used in the greenhouse experiment (Table 5). Here the differences in 
levels of extractable phosphorus between the two groups of samples are 
not as conspicuous as in the NH) F + H)SO/, and NaHCo., methods, and they 
are not significantly different (P = .05). 

When the extractable phosphorus values of the 20 Ap samples by the 
four methods are compared, there are close correlations (Table 6) 
between NH) F + H,S0/,-P values and NaHCO,-P, Ca-lactate + HC1-P, and 
EDTA-P values. Taking all samples, NaHCO..~P values are the most closely 
correlated with NH) F at H)SO,-P values. In the Solonetzic samples, values 
by the NaHCO, , Ca-lactate + HCl, and EDTA methods and in the Chernozemic 


samples, those by the NaHCO, method are the most closely correlated with 


NH, F + H,SO, values. Though there are close correlations between the 


values by the NH, F + H)S0, 


phosphorus values for each Ap sample are considered, there are exceptions 


and other methods, when the extractable 


from the general trend. 


B. PHYSICAL AND CHEMICAL PROPERTIES OF THE SOIL PROFILES 


The physical and chemical properties of individual profiles of the 
Maleb - Hemaruka - Halliday (Mb - Hu - Hd), Beaverhills - Camrose - 
Daysland (Bh - Cam - Dl), and Cooking Lake - Dnister - Nakamun (Ck - Dn - 
Nk) series are given in the Appendix (Tables Al .- A3). Only the average 


data of the three profiles of each series are shown in Figures 2 - 7. 
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Table 6 Correlation between the phosphorus extracted by NH) F + 
H,SO/, and that by other extractants 
Ap horizon samples and extractant Correlation coefficient* 


All samples (20) 


NaHCO, 97 
Ca-lactate + HCl . 86 
EDTA Ate 


Solonetzic samples (10) 


NaHCO., - 96 
Ca-lactate + HCl . 96 
EDTA 93 


Chernozemic samples (10) 


92 
NaHCO, 
Ca-lactate + HCl OD 
EDTA Bt’ 


* All r values are significant at P = OLS 
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1. Soil pH, Oxalate Extractable Aluminum and Iron, Organic Carbon, and 


Particle-size Separates 


ay cSobl . pi 

Soil pH increases with depth in all the series except Daysland and 
Cooking Lake (Fig. 2 - 4). In the Daysland and Cooking Lake profiles, 
pH decreases to the upper B horizons and then increases with depth. The 
lowest values are found in the Ah horizons of Hemaruka and Camrose; Ae 
horizons of Hemaruka, Daysland, Dnister, and Nakamun; and in the Btl 
and Bt2 horizons of Cooking Lake profiles (Tables Al - A3). The low 
pH values in the upper sola of Solonetzic soils would be ected 
because of varying degrees of solodization, and according to the System 
of Soil Classification for Canada (Canada Department of Agriculture, 1970), 
the soils of the Sélonétzic Order, with rare exceptions, are to some 
extent solodized. Brunelle (1969), in a study on the evolution of 
profile development of some Solonetzic profiles, reported low pH values 
for the Ae and upper Bnt horizons and indicated that maximum intensity 
of pedogenesis occurred in these horizons. 

The pH of the Ah horizons increases from Solonetz to Solod to the 
geographically associated Chernozemic profiles (Hemaruka to Halliday 
to Maleb and Camrose to Daysland to Beaverhills) and this observation 
is in accordance with that of Bowser et al. (1962b). Also, pH of the 
Ae horizons tends to increase from the Solonetzic to the associated 
Luvisolic profiles (Dnister and Nakamun to Cooking Lake). High 


exchange acidity values for the surface horizons of Solonetzic soils, 


reported by Bentley and Rost (1947) and Bowser et al. (1962b), 
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corroborate the low pH values observed for these horizons in the present 
study. The data from soil survey reports for various regions of Alberta 
(Odynsky, Wynnyk, and Newton, 1956; Odynsky et al., 1961; Peters and 
Bowser, 1960; Scheelar and Odynsky, 1968; and Wynnyk, Lindsay, and 
Odynsky, 1969) also reveal generally low pH values in the upper sola 


of Solonetzic soils. 


b. Oxalate Extractable Aluminum and Iron 

Extractable aluminum content tends to decrease with depth in the 
Maleb, Beaverhills, Camrose, and Daysland profiles and it decreases to 
Ae, increases to Bntl, and then decreases with depth in the Hemaruka 
and Halliday profiles (Fig. 2 - 4). It tends to be greater in the 
Solonetzic than in the Chernozemic sola. In the Ck - Dn - Nk series, 
extractable aluminum contents are lower in the Ae and higher in the Btl 
and Bntl horizons. Here also, the Solonetzic sola tend to have higher 
percentages of extractable aluminum than do the associated Luvisolic 
sola. Invariably, all the C horizons have low levels of aluminum (below 
0.10%). In general, higher contents of extractable aluminum are found 
in the more acid horizons. Relatively high levels of "free aluminum 
were also reported by Arshad and Pawluk (1966), Brunelle (1969), and 
Mathieu (1960) for Solonetzic sola. 

Oxalate extractable iron contents exceed those of oxalate extractable 
aluminum in the profiles (Fig. 2 - 4). In contrast to the extractable 
aluminum distribution, few general trends are apparent for the iron 
distribution of the profiles. Generally, lower levels of extractable 


iron are found in the Ae horizons and higher levels in the Bntl and Btl 


jnoasig wid WE enodazod pest #o3 bovi98do: oni acu 
adred jl to stings evolaey 207 re yevape how wo 360 
. bes avoaet 12@@b ,.ie'so ynaages, | sees sicoual ‘i {7 


ay 


bas ,yeeborl , aan qh tap Baek shai bit ae e 
slew saqqu of ni agutay Ug wod xT Eeaeaig oo oo 


| aoxl bus amin Kast 14, steoioeeas oselsxo 
ot ot doaget™ ‘daw sas2anb! 63 abias hea ros siapiSalbsn. cei 
02 avesgagdeb 3i bee waciebty baafeyst. ‘bus 220 THAD eblidesveo® ¢ 
smusemell sot nt dq’ date auesexonb nedd bas toad o2 a 
“iit pi sedeesg od 03) abAQaL IT WER > § «gi%) gas Fong haute 
asizdadW - ad - 5. of8 Hy eaiee eres ‘ode 42 paid oie 


u 


fa odd qt werlatt bad oh, ona me sone 936 ae sass kaos Lis aldason 
torgtit aved oF bred albe 9 bs¥on 162 Sito ene lis shail) scallion lane 
- ulowived baseiuoers, 553. oft ails eusuime ds sideisssiaxe 4 coating 
wale4) suateuls Ao aisved wal aunt most: 5 edy ile eidetsaval | q 
brut mB cna mes Shani obaIK5 to aimeados Ivigid ,iesenag at x Lo 
“avn bee Le oars’ ho ekewed dps yiovidalo& .enosizod hess Woe of? a >, 
bas ,(@8e1) oLion#7d . (SAE) tulwal bab badexa 4a beanoges oes anes a 

' abe obs snedee. 103 qnaer) vseaind 
sféarwersxs Sinko: to pants baboxs etuesned, noxk gidesonasxe, 976tex0 


7% 


gldatosases of3 of Jensghad 41 mee * uf ‘eethy aalztoz ois at aouianly 


gorl odo 2} dusxaggs e760 ebnex ian hodnidhs39ib oussrka La 
piechonce 20 afsvel ewe! cider * scadiion oi Yo colswdirsebb 
see fond sila at slevel xsiigaa — shan haved om, 


A a 


35 


horizons. All the C horizons have higher percentages of extractable 
iron (0.15 - 0.30%) than aluminum (Tables Al - A3). As in the case of 
aluminum, the Solonetzic sola have greater contents of extractable iron 
than do the associated Chernozemic or Luvisolic sola. Relatively high 
levels of "free iron’ were also reported by Arshad and Pawluk (1966), 


Brunelle (1969), and Mathieu (1960) for Solonetzic sola. 


c. Organic Carbon 
Carbon content decreases with depth in all the profiles (Fig. 2 - 4). 

In the Mb - Hu - Hd and Bh - Cam - Dl series, its contents are greater 
than 3.5% for the Ah horizons. But the Bm, Bnt2, Btsk, and C horizons 
of these series and all the horizons of the Ck - Dn - Nk series have 
much lower contents (below 1.5%). The Ae and Bntl horizons of the Mb - 
Hu - Hd and Bh - Cam - Dl series have intermediate contents. As a rule, 
the Solonetzic Ah horizons have higher carbon percentages than those of 
the associated Chernozemic profiles do and this observation is in agree- 
ment with that of Bowser et al. (1962b). However, the Ah horizons of 
the Solonetzic profiles are much thinner than those of Chernozemic 
profiles (Tables Al and A2) and thus the total organic carbon will 


usually be much lower in the Solonetzic Ah horizons. 


d. Particle-size Separates 


Generally, the percentages of sand and clay increase and those of 
silt decrease with depth in the profiles (Tables Al - A3). Texture of 


the surface horizons ranges from silt loam to clay loam. In the 
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Solonetzic profiles, per cent clay tends to be greater in the Bntl or 
Bnt2 than in the other horizons and the higher clay content in the B 
horizons is probably due to illuviation of clay from the surface hor- 
izons. An increase in sand percentage with depth was also reported by 
Brunelle (1969) for some Solonetzic profiles. Some of the soil survey 
reports of Alberta (Odynsky et al., 1961; Peters and Bowser, 1960; and 
Wynnyk et al., 1969) also depict similar trends in the distribution of 


particle-size separates of Solonetzic soils. 


2. Inorganic Phosphorus Forms 


Because of the large number of samples (134), resorption corrections 
were not applied to the Al-P and Fe-P forms. However, resorption studies 
done on four Solonetzic and four Chernozemic Ap horizon samples (Table A8) 
show that the proportion of sorbed phosphorus ranges from 0.15 to 0.50 
(correction factor of 1.18 - 2.20) for the NH,Cl extract and 0.05 to 0.18 
(correction factor of 1.05 - 1.22) for the NH,F extract. Since the NH,C1-P 
in these samples is less than 1 ppm, it would contribute at the most 2 ppm 
P to the Al-P form. The Al-P values will increase by 5 to 22% (1 - 4 ppm) 
and consequently an adjustment will have to be made in the Fe-P values. 
Because the extent of resorption would not markedly change the concentra- 
tions of Al-P and Fe-P forms, their values are not corrected for resorption 
of phosphorus during NH,Cl and NH,F extractions. The author is of the 
opinion that even if the recommended resorption corrections were applied, 
the data for inorganic phosphorus forms should be interpreted carefully. 


This is especially because of the redistribution of inorganic phosphorus 
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compounds during the extractions with relatively strong reagents such 


as 0.5 M NH,F, 0.1 M NaOH, and 0.25 M H)S0,. 


a. Aluminum-bound Phosphorus, Al-P 


Al-P values for the surface horizons of the individual profiles 
(Tables Al - A3) vary from 8 to 51 ppm in the Mb - Hu - Hd and Bh - 
Cam - Dl series and 3 to 21 ppm in the Ck - Dn - Nk series. There is 
considerable variation in its values among the three profiles of some 
series, especially Camrose (8, 51, and 27 ppm for the three Ah horizons). 
In general, Al-P content decreases with depth (Fig. 5 - 7). Al-P 
constitutes a small component of the total phosphorus, and in most 
horizons its contribution is the lowest. The Ah horizons of the 
Solonetzic profiles tend to have higher concentrations of Al-P than 
those of the Chernozemic do and this is especially evident in the 
Halliday (Solod) and Camrose (Solonetz) profiles. Higher levels of 
this form were also reported by Haas (1964) and Mikanaev (1968) for 


the sola of some European Solonetzic profiles. 


b. Iron-bound Phosphorus, Fe-P 


Fe-P content, similar to that of Al-P, is greatest in the Ah 
horizons of the Mb - Hu - Hd and Bh - Cam - Dl series (Fig. 5 - 7). 
Generally, Solonetzic sola tend to have higher contents of Fe-P than 


do their associated Chernozemic sola. There is also considerable 
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variation in its values among the three profiles of some series, 
particularly Camrose and Daysland (Tables Al - A3). In the Ck - Dn - 

Nk series, there are no apparent trends in the distribution of this form. 
Higher levels of Fe-P were also reported by Haas (1964) and Mikanaev 


(1968) for the sola of some European Solonetzic profiles. 


c. Calcium-bound Phosphorus, Ca-P 

In contrast to the distributions of Al-P and Fe-P, Ca-P content 
invariably increases with depth in the profiles (Fig. 5 - 7) and is 
maximum in the C horizons where it constitutes more than 65% of the 
total phosphorus. Generally, low concentrations of this form are found 
in the more acid horizons and this is in contrast to the distributions 
of Al-P and Fe-P. High acidity tends to preclude the presence of Ca-P 
and this is supported by the low values of this form in the Ae horizons 
of Halliday, Daysland, and Cooking Lake profiles (Tables Al - A3). 

The distributions of apatite in some Solonetzic and Chernozemic sola 
of the Lake Edmonton basin (Arshad and Pawluk, 1966) corroborate the 
trends in Ca-P distributions. Their data, though limited to the fine 
sand separate of only four profiles, revealed higher percentages of 
apatite in the Ah horizons of Chernozemic than in those of Solonetzic 
profiles and this would support the greater concentrations of Ca-P 
observed in the former than in the latter. The C horizons of all their 
profiles had higher percentages of apatite than did the upper horizons 


which would also agree with the preponderance of Ca-P in the C horizons 


of the present study. 
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d. Occluded Phosphorus, Occl-P 

Occl-P content decreases with depth in the Maleb and Beaverhills 
profiles (Fig. 5 - 7). In the Solonetzes (Hemaruka and Camrose) of 
the Mb - Hu - Hd and Bh - Cam - Dl series, its content tends to be 
higher in the upper sola and in the Solods (Halliday and Daysland) 
Occl-P tends to be lower in the Ae than in the Bnt horizons. In the 
Ck - Dn - Nk series, the Btl and Bntl horizons contain the greatest 
percentage of this form. The relatively high content of Occl-P in the 
A and B horizons compared to the C horizons suggests that its accumu- 


lation is related to pedogenic processes. 


3. Organic, Residual, and Total Phosphorus 


a. Organic Phosphorus 
Organic phosphorus content decreases with depth in the Mb - Hu - Hd 

and Bh - Cam - Dl series (Fig. 5 - 7) and is low in the C horizons 
(below 75 ppm). Its content is greater in the Solonetzic Ah horizons 
than in those of the Chernozemic profiles and this also agrees with the 
higher percentages of organic carbon of the former. The Btl and Bntl 
horizons of the Ck - Dn - Nk series have slightly higher organic phos- 
phorus concentrations than do the Ae horizons and its values for the 
Btl, Bnt2, and C horizons of these series are similar to the values of 
the B and C horizons of other series. The organic phosphorus values 
of the Chernozemic horizons (Tables Al and A2) are in agreement with 


those reported by Dormaar (1961) for similar horizons of other Chernozemic 


profiles of Alberta. 
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b. Residual Phosphorus 

The difference between the total and the sum of Al-P, Fe-P, Ca-P, 
Occl-P, and organic phosphorus is referred to as the residual phosphorus 
(Enwezor and Moore, 1966). Earlier investigators have referred to this 
form as "nonextractable," "insoluble," “inert," or "lattice" phosphorus 
(Syers et al., 1969). According to Syers et al. (1969), the residual 
phosphorus can have both a primary or secondary origin. Because the 
values for this form are obtained by difference, there will be some 
inaccuracies and, therefore, residual phosphorus data have to be 
interpreted carefully. In most horizons, residual phosphorus content 
is below 75 ppm and in only eight horizons is it above 100 ppm (Tables Al - 
A3). There seems to be no general trend in the distribution of this 


form in the profiles. 


c. Total Phosphorus 

Total phosphorus content decreases to the Bm and Bnt2 horizons and 
then increases with depth in the Mb - Hu - Hd and Bh - Cam - Dl profiles 
(Fig. 5 - 7). The reduction of phosphorus values in the B horizons is 
probably due to the transfer of phosphorus to the A horizons by the 
extensive root systems of grasses native to these profiles. In contrast, 
total phosphorus tends to increase with depth in the Ck - Dn - Nk 
profiles. Total phosphorus content varies from 414 to 684 (531 + 61) ppm 
in the C horizons of the profiles (Tables Al - A3). The values for the 


C horizons are similar to those reported for other C horizons of Alberta 


soils (Alexander and Robertson, 1968;.Dormaar, 1961; Odynsky et al., 


1956, 1961; and Peters and Bowser, 1960). 
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C. PHYSICAL AND CHEMICAL PROPERTIES OF 


THE 20 Ap HORIZON SAMPLES 


1. Soil pH, Oxalate Extractable Aluminum and Iron, Organic Carbon, 


and Particle-size Separates 


Soil pH varies from 4.5 to 4.8 in the 10 Solonetzic and 5.2 to 
5.8 in the 10 Chernozemic Ap samples (Table A4) used for the greenhouse 
experiment and the mean difference for the two groups is significant 
at P = .01 (Table 7). The lower pH values of the Solonetzic Ap samples 
are in agreement with those for the surface samples of the Solonetzic 
profiles. Oxalate extractable aluminum content ranges from 0.16 to 
0.23% for the Solonetzic and 0.11 to 0.21% for the Chernozemic Ap 
samples and the mean difference for the two groups is also significant 
(P = .01). The ranges of oxalate extractable iron are 0.37 - 0.49% for 
the Solonetzic and 0.22 - 0.51% for the Chernozemic Ap samples and as 
in the case of aluminum, the mean difference is significant (P = .01). 
Again, as in the surface samples of the profiles, the extractable 
aluminum and iron contents are higher in the Solonetzic than in the 
Chernozemic Ap samples. Organic carbon content varies from 3.8 to 5.6% 
in the Solonetzic and 3.0 to 6.6% in the Chernozemic Ap samples (mean 
difference is significant at P = .05). The lower percentages of organic 
carbon in the Solonetzic than in the Chernozemic Ap samples are in 
contrast to those for the surface samples of the profiles, and may be 
due to the mixing of Ae and Bnt horizons, low in carbon, into the top 
15 cm of Solonetzic soils. The textures of the Ap samples range from 


sandy clay loam to clay loam, most of them being clay loam, and the 
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Table 7 Physical and chemical properties of the Ap horizon samples 


used for the greenhouse experiment 


Solonetzic sample Chernozemic sample Unpaired 
Soil property mean + s.d. mean + s.d. t-test 


pH in 0.01 M CaCl, 4.6 Ort D oi O 2 x 


Oxalate extractable 


ys Gy 8 0.20 0.02 O2i5 0.03 we 
Fe 7 0.44 0.04 OV32 0.10 ** 
Organic C, % 4.9 0.6 550 bk * 


Particle-size separates, % 


Sand 35 6 oul 11 ns 
Silt 35 4 35 6 ns 
Clay 30 4 34 5 ns 


Phosphorus forms, ppm 


Al-P oP 18 29 9 ** 
Fe-P 117 30 66 - 6 we 
Ca-P 34 6 77 18 ek 
Occl-P 86 ES 78 14 ns 
Organic P 432 50 688 142 ns 
Residual P 9 16 44 20 wx 
Total: P 1,100 108 982 128 * 


oa ee LR se Ea le rt rier ON a Re ee eat a 
* The mean differences are significant at P = .05. 
*k The mean differences are significant at P= .Ol. 


ns The mean differences are nonsignificant at P = .05. 


pie 


daiquaa nosiyod qh. ots 26 anh sanyony said tne tnodeget 
mn bw da beyke ene os 202 nage? 


ee eee 


—— pee 
barieqn siguiee otessanveily: ~aiguee whusenolee 
taaj~3 beh + neon ae nom 


— ee 


46 


mean differences of the sand, silt, and clay percentages for the 


Solonetzic and Chernozemic groups are not significant (P = .05). 


2. Inorganic Phosphorus Forms 


The ranges of Al-P content are 20 - 75 ppm for the Solonetzic and 
14 - 43 ppm for the Chernozemic Ap samples (Table A4) and the mean 
difference for the two groups (Table 7) is significant at P = .0O1. 
Fe-P content varies from 66 to 144 ppm in the Solonetzic and 55 to 
74 ppm in the Chernozemic Ap samples and again the mean difference is 
significant (P = .01). Therefore, the results for the Ap samples are 
in agreement with those for the surface samples of the profiles, both 
having higher levels of Al-P and Fe-P in the Solonetzic than in the 
Chernozemic samples. Ca-P ranges from 23 to 46 ppm in the Solonetzic 
and 50 to 103 ppm in the Chernozemic Ap samples (mean difference is 
significant at P = .01). The distribution of Ca-P is also in accordance 
with that for the surface samples of the profiles, and in both cases, 
the Solonetzic have less Ca-P than the Chernozemic samples. There is 
no afPESeated in the distribution of Occl-P in the Solonetzic and 


Chernozemic Ap samples (mean difference is not significant at P = .05). 


3. Organic, Residual, and Total Phosphorus 


Organic phosphorus content varies from 650 to 806 and 531 to 904 ppm 
in the Solonetzic and Chernozemic Ap samples (Table A4), and the mean 
difference is not significant at P = .05 (Table 7). Thus, in contrast 


to the distribution of organic phosphorus in the surface samples of 
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the profiles, the difference between the Solonetzic and Chernozemic 
groups is not marked and this may be due to the mixing of Ae and Bnt 
horizons, low in organic phosphorus, into the top 15 cm of Solonetzic 
soils. The residual phosphorus values range from 53 to 104 and 13 to 

68 ppm in the Solonetzic and Chernozemic Ap samples and the mean 
difference for the two groups*is significant“(P = .01). ‘Finally, 

total phosphorus content varies from 902 to 1,254 ppm in the Solonetzic 
and 700 to 1,142 ppm in the Chernozemic Ap samples (mean difference is 
significant at P = .05). Thus, the Solonetzic Ap samples have higher 
concentrations of total phosphorus than the Chernozemic ones, and the 
values for the Solonetzic Ap samples are in agreement with those reported 
for the surface horizons of the Solonetzic profiles of the present study 
as well as other studies (Odynsky et al., 1956, 1961 and Peters and 


Bowser, 1960). 


D. RESULTS OF THE GREENHOUSE EXPERIMENT 


1. Dry Matter Yield of Barley 


Average dry matter yields are 1.67, 2.08, and 2.20 g for the 10 
Solonetzic and 1.84, 2.41, and 2.66 g for the 10 Chernozemic Ap samples 
at the 0, 20, and 40 ppm phosphorus rates (Tables 8 and A9). In both 
groups of samples, there are significant increases in yields (P = .01) 
with phosphorus applications (Table 9). However, the average check 
yields are not different for the Solonetzic and Chernozemic Orders and 
the analysis of variance shows no difference in dry matter yields for 


these Orders. Since Solonetzic samples have higher levels of NH,F + H SO, 
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Table 8 Average dry matter yield of barley* 


Yield ;--/-pot 
ppm P applied 


Sample no 0 20 40 
SOMES ACC EV MOE tut ea a a a ST Pe a 


SOLONETZIC SAMPLES 


1 Zu0l Y Ae Xe 2520 
2 1.08 1.94 Ze 
3 P09 Tok ZELG 
4 2.04 Zga0 2.06 
5 1.69 2.10 Pa GE 
6 eo 1.66 1.80 
1.40 1.68 Page 
8 L269 2.04 2.14 
9 2.24 2.68 2205 
10 E392 pap ee 2.41 
Mean + s.d. 1.67 + .42 2.05 + .31 2220 * 25 
CHERNOZEMIC SAMPLES 
th 2.42 2309 3 20 
Z £23 het] Dear 
3 a ts) 3.05 Sipe et 
4 2.34 2.66 20) 
"] 0.83 Poot 2.34 
6 as Zoid L Diase 
7 2.06 FAAS fe | 2.74 
8 0.70 ded 2 rar. 
9 1.76 2.63 are 
10 Zawd 3220 3.05 
Mean + s.d. 1.84 + .64 2.41 + .62 2.66 + .47 


* See Table AQ for the original dry matter yields. 
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Table 9 Analysis of variance for the dry matter yield of barley 


Degrees of Sum of Mean 
Source of variation freedom squares Squares F. 
nnn errr nr nner rr ST SSS SS A SS SS 


Orders - 1 4.637 4.637 2309 
Orders x samples 18 32.27 LY793 

Treatments 2 14.95 7.475 68.6** 
Orders x treatments Z 0.646 O5325 2.96 
Orders x samples x 

treatments 36 3.929 0.109 

Replicates 2 0.242 Ovi21 4.65* 
Orders x replicates 2 0.088 0.044 1.69 


Orders x samples x 
replicates 36 0.930 0.026 


Treatments x 
replicates 4 253 0.063 4.20** 


Orders x treatments x 
replicates — 4 0.029 0.007 0.47 


Orders x samples x 


treatments x 
replicates Js 1.045 0.015 


Total 179 59.02 


* F-value is significant at P = .05. 


** F-values are significant at P = .0l. 


49 


* (eS 


yeived tu. bigiy sedtem yah .sde od vonaizby Ro elaytins was 
iy a os jan? 
= hl i] i 7 a « ie 


npek 19 sats @ , ao 2 
BOTS pe eaTSupe. 4 


al 


ees tfa.a... KEd.a 
een. "te 3 Bt 


WG BO Fae 0 Ch ee. ae ver 
8e.8 €8€.0 83.0 - 


eofve e8e.£ a 


#23 8 rer.o “288.0 | € 
eesi 00.0 —, 880.0 £ 


880.0 OE # 


#HOL A £30,0 ERGO p 


FAG. 100.0 80,0 ‘ 
etolo” - above at 


ty SN Ree ees 


20. = 9 Je -smyotangts ot aude 
0, & 2 ah inet hagea oye emulayey we 


; 5 an 


a7 


50 


extractable phosphorus, the check yields of these samples would be 
expected to be higher than those of the Chernozemic samples provided 
other factors remain optimum. Chemical analyses of plant tissue from 
the check pots (Tables Al0 and All) show similar percentages of nitrogen 
and phosphorus and the total uptake of these nutrients is also similar. 
Acidity and extractable aluminum levels would not seem to be restricting 
the check yields of the Solonetzic samples (M. Nyborg, personal communi- 
cation)., Nevertheless, reduced aeration, crusting, and puddling are 
frequently problems with Solonetzic soils in the greenhouse. The fact 
that even at the 40 ppm phosphorus rate, the yields from Solonetzic 
samples are not as high as those from Chernozemic samples (Tables 8 and 
A9) indicates that other factors are limiting the yield potential of the 
Solonetzic samples and these factors might account for the relatively 
lower check yields in spite of the higher levels of extractable (NH, F + 


H,S0,) phosphorus in Solonetzic samples. 

Looking at the yields at the 20 and 40 ppm phosphorus rates, it is 
apparent that the yield increases are less in the Solonetzic than in the 
Chernozemic samples. Although the effect of Orders is not significant 
(P = .10), the Order x treatment effect is significant at P = .10 
(Table 9) because Solonetzic samples tend to have lower yields with 
applied phosphorus; and thus, they exhibit less response to applied 
phosphorus. While the average results tend to show less response in the 
Solonetzic than in the Chernozemic samples, Solonetzic samples 2 and 3 
are exceptions to the general trend in that barley responds considerably 


in both samples. These samples are low in extractable phosphorus by 


all methods (Table 5) and they are also considerably lower in Al-P and 
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Fe-P forms compared to other Solonetzic samples (Table A4). It should 

be pointed out that the greenhouse samples were selected to represent 

the complete range of extractable phosphorus values found in the original 
34 Ap horizon samples and that samples 2 and 3 are considerably lower 

in extractable phosphorus than the majority of Solonetzic samples. 

Because the Solonetzic and Chernozemic soils are different in 
physical and chemical properties and in their yield potentials, the 
effect of applied phosphorus in these soils might be better shown by 
the relative or per cent yields (per cent yield = check yield x 100 / 
phosphorus pot yield). As per cent yield increases, the response of 
plants to applied phosphorus decreases. The average per cent yields at 
the 20 ppm phosphorus rate are 80 + 13 and 74 + 14, whereas those at 
the 40 ppm phosphorus rate are 76 + 17 and 67 + 17 for the Solonetzic 
and Chernozemic Ap samples. Since the per cent yields at 20 and 40 ppm 
phosphorus rates follow approximately similar trends for the 20 Ap 
samples, average per cent yields were calculated and they are 78 + 14 
and 71 + 15 for the Solonetzic and Chernozemic samples. Even though 
the average per cent yields are not statistically significant (P = .05), 
Solonetzic samples tend to have the higher per cent yields suggesting a 
somewhat smaller response of barley to applied phosphorus. 

Thus, based on the results of the greenhouse experiment, there is 
not a clear-cut difference in the status of plant-available phosphorus 
of Solonetzic and Chernozemic samples. Since it was shown that Solonetzic 
samples, on the average, have higher levels of extractable phosphorus 
by the NH,F + H9S0, and NaHC03 but not by the Ca-lactate + HCl and EDTA 


methods, the greenhouse results are not consistent with the former 
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methods. However, in the AOE Te aed of greenhouse results, it 

must be pointed out that the yield data presented are based on Ap horizon 
samples and the response of barley to applied phosphorus in the field 

may be different because the rooting volumes of Solonetzic soils are 


normally much smaller than those of Chernozemic soils. 


2. Per cent Yield of Barley vs. Extractable Phosphorus of the 20 Ap 


Horizon Samples 


Scatter diagrams for per cent yield of barley and extractable 
phosphorus by the four methods (Fig. 8) show that as the levels of 
extractable phosphorus increase, per cent yields increase or absolute 
response of barley to applied phosphorus decreases. There is a close 
linear correlation (Table 10) between the logarithms of extractable 
phosphorus by all methods and per cent yield of barley. Furthermore, 
the roeresaion equations and correlation coefficients for all 20 Ap 
samples combined are not greatly different from those obtained for the 
Solonetzic and Chernozemic groups separately, though the NaHCO, method 
tends to be an exception from the general trend. Thus, the regression 
analysis reveals that there are good relationships between the levels 


of extractable phosphorus and per cent yield. 


E. PHOSPHORUS FORMS VS. EXTRACTABLE PHOSPHORUS OF 


THE 20 Ap HORIZON SAMPLES 


Many investigators (Al-Abbas and Barber, 1964; Cho and Caldwell, 


1959; Grigg, 1965; Hawkins and Kunze, 1965; Kaila, 1965; Khanna, 1967; 
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Scatter diagrams for the per cent yield of barley and 
extractable phosphorus by the four methods 
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Table 10. Regression and correlation between the logarithms of 


extractable phosphorus (x) and per cent yield of barley (y) 


Ap horizon samples Regression equation* Correlation 
and extractant m b coefficient** 


All samples (20) 


NH,F + H»SO, 40 ny) 85 
NaHC03 48 17 OF a | 
Ca-lactate + HCl 48 bs ed . 86 
EDTA 55 1.6 . 87 


Solonetzic samples (10) 


NH,F + H2S0, 49 4.3 oon 
NaHC03 35 4.9 . 88 
Ca-lactate + HCl 47 8.0 aol 
EDTA 56 Lae «92 


Chernozemic samples (10) 


NaHCO} 67 -0.2 .70 
Ca-lactate + HCl 49 4.2 WOE 
EDTA bye! Bint 81 


Bh eae eatin al Ra Ledeen ss «Wie ee Bene AES AEE. Ee RR SE Ee REE 
me Tisai om log x b. 


** All r values except 0.70 are significant at P = .01; 
0.70 is significant at P = .05. 
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Kurtz and Quirk, 1965; Pratt and Garber, 1964; Tripathi et al., 1970; 
and Tyner and Davide, 1962) have attempted to indirectly show the 
importance of various phosphorus forms to plants by correlating the 
amounts of forms with extractable phosphorus measured by different soil 
test reagents. In the present study, amounts of the various phosphorus 
forms and extractable phosphorus by the NHAF + H2S0,, NaHCO., Ca-lactate 
+ HCl, and EDTA methods were available for the 20 Ap horizon samples; 
and hence, it was decided to run a correlation analysis for these para- 
meters. 

Generally, the levels of extractable phosphorus by all methods are 
closely correlated with Al-P (Table 11), which is the first form obtained 
in the fractionation scheme. Several researchers (Dunbar and Baker, 1965; 
Machold, 1963; MacKenzie, 1962; Rotini and El-Nennah, 1971; Tandon and 
Kurtz, 1968; and Weir and Soper, 1962) have demonstrated the quick 
isotopic exchangeability of Al-P compared to Fe-P and Ca-P forms. 

Omanwar (1970), in a study on some Ap samples of Alberta soils, including 
three Ap samples used in the present investigation, reported close 
correlations among several parameters including A, Ee (labile phosphorus), 


NH, F + H,SO -P, and Al-P values. The Ee values were about 


4 2.4 


60% of the NH, F + H,SO,, 


to NaHCO,,-P values. Based on the magnitude of the values obtained 


=P NaHCO, 


-P values, whereas they were similar in magnitude 


and the close correlations observed, he suggested that NH F 7 H5SO,, 
removed most of the labile and some nonlabile phosphorus, whereas 
NaHCO. removed most of the labile phosphorus. Since in the present 


2 
study Al-P values are approximately twice the NH, F + H,SO,-P and 
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Table 11. Correlation between the phosphorus forms and extractable 


phosphorus of the 20 Ap horizon samples 


Extractant NH, F + H,SO NaHCO Ca-lactate + EDTA 
4 2.4 3 
HCl 

Phosphorus form Correlation coefficient 
Al-P . 97** « 98%* . 86%** .81** 
Fe-P 19x . 86%*%* 65%*% 57** 
Ca-P -.43 ~.46%* -.06 702 
Occl-P « S5** - 56%** 65** <62%* 
Organic P of «10 -.18 -.20 
Residual P oa - 59% ae . 20 
Total P ~43 .53* 2s .20 


05. 


* Significant at P 
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** Significant at P 
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NaHCO..-P values, it can be assumed that Al-P probably includes most of 
the labile phosphorus. 

The next closest correlations are obtained for Fe-P form. Isotopic 
exchange studies, already mentioned, have also demonstrated the quick 
isotopic exchangeability of Fe-P compared to Ca-P. After the removal 
of most of the labile phosphorus by NH extraction (Al-P), NaOH ex- 
traction for Fe-P must dissolve some of the nonlabile phosphorus and 
this is reflected in the absolute values of Fe-P which are approximately 
four times those of extractable phosphorus by all the methods. 

Since Ca-P is less isotopically exchangeable than Al-P and Fe-P 
forms, close correlations are not obtained for Ca-P and extractable 
phosphorus. In the case of NH,F + H»S0O, and NaHCO3 methods, there are 
negative correlations. Occl-P is better correlated than Ca-P with 
extractable phosphorus by all methods. Similarly, residual phosphorus 
is better correlated than Ca-P with extractable phosphorus by NH,F + 
HS 0, and NaHCO, methods. In general, the organic and total phosphorus 
values are 20 to 50 times higher than extractable phosphorus values and 
therefore, the correlation coefficients do not reveal any trend. 

The close correlations obtained for Al- and Fe-P and extractable 
phosphorus can also be explained on the basis of the composition of the 
four extractants (Table 3). These extractants would dissolve portions 
of Al-P and Fe-P (which are more labile Saar other inorganic phosphorus 


forms), the more soluble calcium phosphates, and other phosphorus forms. 
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V. GENERAL DISCUSSION 


One of the aims of this investigation was to find if the higher levels 


of extractable (0.03 M NH,F + 0.015 M H,SO,) phosphorus are definitely 


4, 
associated with Solonetzic soils in a predominant Solonetzic area. 
The NH, F + H,SO,-P values of the 34 randomly selected Ap samples 
(0 - 15 cm) from the Tofield-Ryley area show a clear difference in 
extractable phosphorus levels of the Solonetzic and Chernozemic samples. 
In general, Solonetzic samples have more than twice the amount of 
extractable phosphorus found in the Chernozemic samples. Results of the 
0.5 M NaHCO, method also show similar trends; and therefore, the obser- 
vation of an area of higher extractable phosphorus values would have been 
made by either of the methods. 

Comparison of the extractable (NH, F + H,SO,) phosphorus data from 
the Soil and Feed Testing Laboratory with the soils of the Tofield- 
Ryley area reveals generally higher levels of extractable phosphorus in 
the Solonetzic than in the Chernozemic soils. The results of the 20 Ap 
samples used for the greenhouse experiment also indicate that there is 
a clear difference in the levels of NH,F + H)SO,, as well as NaHCO, 
extractable phosphorus of Solonetzic and Chernozemic samples. However, 
the 0.02 M Ca-lactate + 0.01 M HCl and 5m ™M disodium-EDTA extractable 
phosphorus values do not show a clear difference between the two groups. 


Until the suitability of Ca-lactate + HCl and EDTA as soil test reagents 


for extractable phosphorus is examined for Alberta soils, one would use 
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either the NH, F + HSO,, or NaHCO., method. Since both the latter 
methods show that Solonetzic samples have higher levels of extractable 
phosphorus than do the adjacent Chernozemic samples, the higher values 
obtained cannot be interpreted as an artifact of the NH, F + HS0/, 
method. 

The second aim was to seek an explanation for the higher levels of 


extractable (NH) F Gee | S0,) phosphorus in Solonetzic soils, through the 


2 
physical and chemical properties of these soils. Several factors may 
control the extractable phosphorus status of soils: e.g. fertilizer 
practices, phosphorus content of the parent material, distribution of 
particle-size separates, content of organic phosphorus of the surface 
horizons, acidity, contents of extractable aluminum and iron, and in- 
organic phosphorus forms. 

At the time of sampling, fertilizer history of each site was obtained 
from the farmer. Generally, the farmers have applied phosphorus fertil- 
izers two to five times since the breaking of soils from the virgin 
conditions and there seemed to be no evidence for different fertilizer 
history on the Solonetzic than on the Chernozemic soils of the Tofield- 
Ryley area. Therefore, it is not possible to explain the difference in 
extractable phosphorus levels between the Solonetzic and Chernozemic 
soils by higher application of phosphorus fertilizers in the former than 
in the latter. 

Another possibility is that breaking the soils from the virgin state 
and subsequent cultivation has resulted in an increase of extractable 


phosphorus mainly through mineralization of organic phosphorus. Since 


the extractable phosphorus data for the virgin samples corresponding 
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to the Ap samples are not available, it is difficult to determine 
whether cultivation has an effect in increasing extractable phosphorus. 
Any influence of organic phosphorus on extractable phosphorus would 
have to be indirect, because extractable phosphorus of the Ap samples 
is measured by soil tests which do not take into account organic 
phosphorus. For example, it may mineralize faster in the Solonetzic 
than in the Chernozemic samples. Since it has been shown that the 
Solonetzic and Chernozemic samples are not greatly different in organic 
carbon and since they are not much different in organic phosphorus 
contents, it seems unlikely that organic phosphorus would contribute 
more to extractable phosphorus in the former than in the latter. 
Another possible reason for the higher levels of extractable phos- 
phorus in Solonetzic soils is that total phosphorus content may be 
greater in the parent material of these than in their geographically 
associated Chernozemic soils. The parent material is important because, 
under natural conditions, all phosphorus in soils must come from it 
(Walker, 1965). All Ap samples were taken from an area where the parent 
material for the soils is glacial till. Total phosphorus contents in 
the C horizons of the profiles (552 + 79 and 499 + 48 ppm for the 
Solonetzic and Chernozemic C horizons) and the results of previous 
investigations on similar glacial till (Alexander and Robertson, 1968; 
Dormaar, 1961; Odynsky et al., 1956, 1961; and Peters and Bowser, 1960) 
show the uniformity in total phosphorus content of the parent material. 
Accordingly, differences in total phosphorus content of the parent 


material cannot account for the differences in extractable phosphorus 


levels of Solonetzic and Chernozemic soils. 
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It is possible that differences in particle-size distributions can 
account for the differences in the extractable phosphorus levels of 
soils. Since the amorphous materials accumulate in clay and silt, these 
separates contribute the most to the extractable phosphorus of soils. 

The particle-size distributions are not greatly different for the 
Solonetzic and Chernozemic Ap samples, most of them being clay loam in 
texture. Consequently, the higher levels of extractable phosphorus in 
Solonetzic soils cannot be explained by the differences in the contents 
of clay and silt. 

Associated with particle-size distribution is the influence that 
the kind of clay minerals might have on the extractable phosphorus levels 
of soils. Even though no mineralogical analyses were done on the 
Solonetzic Ap samples, such analyses have been done on some Solonetzic 
soils of Alberta (Arshad and Pawluk, 1966; Brunelle, 1969; and Mathieu, 
1960) and they indicate that the principal clay mineral in Solonetzic 
soils is montmorillonite. The associated Pueaureuic soils also have 
montmorillonite as the dominant clay mineral. Thus, since the Solonetzic 
and Chernozemic samples used in this study probably have similar clay 
mineral suites, it seems unlikely that the higher levels of extractable 


phosphorus in the former are due to the influence of clay minerals in 


them. 


What is the importance of acidity, oxalate extractable aluminum and 
iron, and inorganic phosphorus forms in controlling the extractable 
phosphorus levels of soils? The Solonetzic Ap and the surface samples 
of the profiles are more acidic than the Chernozemic ones; and the 


former have higher levels of oxalate extractable aluminum and iron than 
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do the latter samples. For example, Solonetzic Ap samples have 33 - 38% 
more extractable aluminum and iron than do the Chernozemic samples. 
The results of the phosphorus fractionation of the profiles show Al-P 
and Fe-P as the preponderant forms in the Solonetzic sola. Also, the 
data of the Ap samples show clearly higher levels of Al-P and Fe-P 
and lower levels of Ca-P in the Solonetzic than in the Chernozemic 
samples. Thus, both the profile and Ap sample data indicate an increase 
of Al-P and Fe-P with an increase in acidity. The high acidity and 
intense weathering conditions in the upper sola of the Solonetzic soils 
(Arshad Sa ee 1966 and Brunelle, 1969) would result in higher 
levels of extractable aluminum and iron and these in turn seem to 
account for the higher levels of Al-P and Fe-P in the Solonetzic than 
in the Chernozemic soils. This is also supported by the significant 
correlations (P = .05) between the extractable aluminum and Al-P in the 
profile samples as well as those between the extractable iron and Fe-P 
in both the profile and Ap samples. 

Since the main difference in the distributions of inorganic phos- 
phorus forms of the Solonetzic and Chernozemic sola and Ap samples is 
in the contents of Al-P and Fe-P, it seemed desirable to consider the 
relationship of these forms to extractable phosphorus of the Solonetzic 
soils. The results of this investigation and those of previous ones 
(Alexander and Robertson, 1968, 1972) do show close correlations between 
the Al- and Fe-P forms and the extractable phosphorus measured by 
NH F + H,SO, » NaHCO, , Ca-lactate + HCl, and EDTA methods. Therefore, 
the higher levels of Al-P and Fe~P forms in Solonetzic soils seem to 


account for the higher levels of extractable phosphorus in them. 
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The third aim of this investigation was to ascertain the importance 
of the higher levels of extractable 1 FAL H7S0,) phosphorus of Solonetzic 
soils to barley growth in a greenhouse experiment. The average dry matter 
yields of the check pots are not different for the Solonetzic and Cher- 
nozemic samples and there are significant (P = .01) increases in yields 
with phosphorus applications in both groups. Both the per cent yields 
and the significance (P = .10) of Order x treatment effect suggest a 
somewhat smaller response of barley to applied phosphorus in the Solon- 
etzic than in the Chernozemic samples. Thus, though the NH,F + H9SO, 
and NaHCO3 but not the Ca-lactate + HCl and EDTA methods separate the 
Solonetzic and Chernozemic Orders in terms of extractable phosphorus 
levels, there is not a clear-cut difference in the status of plant- 
available phosphorus of these Orders. 

Comparison of the extractable phosphorus levels by the four methods 
and per cent yield of barley reveals close correlation between these 
parameters. Even though the correlation is better for the Solonetzic 
than for the Chernozemic samples, it holds good for the samples taken 
as a group. Furthermore, regression equations between the extractable 
phosphorus and per cent yield for the samples as a group are not greatly 
different from those obtained for the Solonetzic and Chernozemic samples 
separately. Since the relationship between these parameters is consis- 
tently better for the Solonetzic than for the Chernozemic samples, the 
feasibility of using the same method to maces extractable phosphorus 
from soils of different physical and chemical properties, as in the 
Solonetzic and Chernozemic soils, needs further examination. Field work 


to assess this question is currently in progress at the Tofield-Ryley 


and Camrose-Stettler areas. 
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VI. CONCLUSIONS 


Thirty-four Ap samples from the Tofield-Ryley area and 20 Ap samples 
used for the greenhouse experiment demonstrate markedly higher levels 
of extractable phosphorus by the two methods currently used in Western 


Canada (NH) F + H and NaHCO, ) in the Solonetzic than in the Cherno- 


ie 
zemic samples. Comparison of the Agricultural Soil and Feed Testing 
Laboratory's data with the soils of the Tofield-Ryley area reveals 
generally higher levels of NH) F + H»SO, extractable phosphorus in the 
Solonetzic compared to the Chernozemic soils. The Ca-lactate + HCl1-P 
and EDTA-P values also show more extractable phosphorus in the Solonetzic 
than in the Chernozemic Ap samples used for the greenhouse experiment, 
though here the differences in levels of extractable phosphorus are 
not as marked as in the NH F + H,S0, and Nalico., methods. 

Hence, the Solonetzic soils have generally higher levels of 
extractable phosphorus than do the associated Chernozemic soils. 

The high acidity and intense weathering conditions in the upper 
sola of Solonetzic soils seem to have resulted in relatively high 
contents of oxalate extractable aluminum and iron and these probably 
account for the higher levels of Al-P and Fe-P and lower levels of 
Ca-P in the Solonetzic than in the Chernozemic scla. Irrespective of 
the soils, Ca-P is the preponderant form in all C horizons. Generally, 


Solonetzic Ah horizons have higher percentages of organic carbon and 


organic phosphorus than do the adjacent Chernozemic Ah horizons, 
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though this trend is not apparent in the Ap samples. Among the 
phosphorus forms, contents of Al-P and Fe-P were the most closely 
correlated with the levels of extractable phosphorus in the Ap samples 
showing the importance of Al-P and Fe-P as sources of extractable phos- 
phorus in these samples. 

Therefore, the higher levels of extractable phosphorus in the 
Solonetzic than in the Chernozemic soils seem to be due to the higher 
contents of Al-P and Fe-P forms in the former. 

Results of the greenhouse experiment with barley show no difference 
in the average dry matter yields of the check pots for the Solonetzic and 
Chernozemic samples. However, there are significant (P = .01) increases 
in yields with phosphorus applications in both groups. Both the per cent 
yields and the significance (P = .10) of Order x treatment effect suggest 
that barley tends to respond less to applied phosphorus in the Solonetzic 
than in the Chernozemic samples. 

Thus, though the NH,F + H SO, and NaHCO3 methods demonstrate a clear 
difference in the extractable phosphorus status of Solonetzic and Cher- 
nozemic soils, greenhouse results show no clear-cut difference in the 
status of plant-available phosphorus of these Orders. 

Comparison of extractable phosphorus measured by the four methods 
with per cent yield of barley reveals close correlation between these 
parameters for both the Solonetzic and Chernozemic samples, though the 


correlation coefficients were better for the former. 
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Table Al Physical and chemical properties of the Maleb - Hemaruka - Halliday (Mb - Hu - Hd) sequence 
Oxalate extractable Particle-size separates 
Depth pH in 0.01 Al Fe Organic C Sand Silt Clay Al-P Fe-P Ca-P Occl-P Organic P Residual P Total P 
Horizon cm M Cacl, % 14 % ys % V4 ppm ppm ppm ppm ppm ppm ppm 
MALEB 


Profile 1 


Ah 0- 10 6.6 cyl 16 2.4 45 33 22 25 41 132 50 266 51 565 
Ba 10- 38 6.1 10 +15 0.9 49 25 26 8 20 142 32 162 64 428 
Cca 38- 79 7.4 06 -10 0.5 35.,- 24 41 rs 1 356 24 74 73 535 
Ck 79-112 ae +04 +17 0.2 39 22 39 5 tr 403 30 44 39 521 
Profile 2 

Ah 0- 18 6.2 oll -16 309 37 39 24 12 21 96 28 407 OL 655 
Bm 18- 48 6.4 «12 14 1.0 35 32 33 8 18 123 15 188 84 436 
Cca 48- 99 Cin. -05 oAl 0.4 37 23 40 9 2 371 15 74 83 554 
Ck 99-114 7.8 04 17 0.2 39 25 36 12 1 352 31 52 99 547 
Profile 3 

Ah 0- 19 6.4 «13 -20 4.1 32 43 25 19 28 128 57 402 51 685 
Bm 19- 46 6.0 16 .26 1.3 22 37 41 9 26 244 35 275 64 653 
Cca 46- 76 7.4 +06 +13 0.6 28 25 47 8 it 378 16 134 19 556 
ck 76-102 Ped +04 +18 0.3 35 24 41 9 1 397 13 39 81 540 

HEMARUKA 


Profile 1 


Ah o- 8 4.2 16 +27 5.8 43 31 26 17 62 16 39 702 he 945 
Ae 8- 12 4.9 -10 -26 Zot 40 33 27 8 35 56 36 381 60 576 
Banel 12- 24 6.6 13 +25 1.6 31 27 42 10 22 158 53 227 50 520 
Bat2 24- 37 7.8 +09 +25 1.0 344 25 41 8 10 321 27 121 47 534 
Csk 62-122 7.9 +06 +28 0.5 36 23 41 10 10 361 40 48 42 S11 
Profile 2 

Ah o- 8 4.4 +24 +48 10.6 28 45 27 28 113 13 20 962 58 1,194 
Aegj 8- 12 4.7 +09 +28 2.1 31 41 28 8 40 14 18 234 86 400 
Batgjl 12- 20 6.1 +15 -48 1.4 26 31 43 8 27 32 24 185 83 359 
Batgj2 20- 33 6.9 abe -33 0.7 33 30 37 4 12 168 12 92 62 350 
Cskgj 62-122 7.7 .06 +19 0.4 37 25 38 2 tr 397 29 63 40 531 
Profile 3 

Ah Lad i J 5.5 +15 ~28 6.4 40 39 21 22 52 23 47 865 50 1,059 
Ae 13- 15 4.5 3 mon 2.0 41 is) 26 12 44 24 54 473 58 665 
Botl 15- 30 5.6 17 +27 1.4 38 16 46 6 23 52 37 270 52 440 
Bot2 30- 43 7.4 ey +25 0.8 42 20 38 5 17 219 36 138 28 443 
Csk 64-102 7.7 04 +22 0.3 47 17 36 7 tr 327 17 30 33 414 

HALLIDAY 

Profile 1 

Ah o- 10 Sad kd 18 3.7 46 32 22 22 66 115 53 424 50 730 
Ae 15- 23 43: +04 +10 0.9 50 33 17 9 17 95 39 123 62 345 
Bat 28- 41 45 .09 Als) 0.7 47 25 28 19 16 160 59 139 56 449 
Btsk 4l- 56 7.6 .07 14 0.5 51 23 26 42 43 159 60 110 75 489 
Csaca 107-132 79 04 ays} 0.3 41 24 35 43 1 404 63 31 142 684 
Profile 2 

Ah o- 8 5.6 14 23 4.2 36 39 25 28 58 84 57 405 34 666 
Ae 13- 18 4.6 -16 12 1.6 47 27 26 17 31 16 28 316 63 471 
Bnt 23- 36 7.4 -ll +23 1.6 38 21 41 6 2 248 26 160 82 524 
Besk 36- 66 tev -04 +21 1.2 41 24 oD 8 1 296 41 74 64 484 
Csaca 107-122 7.3 +10 39 0.5 10 31 59 7 tr 372 20 27 163 589 
Profile 3 

Ab O- 20 4.5 422 38 3.8 40 33 27 42 86 27 30 678 84 947 
Ae 30- 40 6.0 .05 3. 0.9 31 39 30 7 21 66 40 96 102 332 
Bot 44- 64 7.5 +21 45 0.9 26 27 47 8 16 114 31 122 76 367 
Btsk 64- 82 8.3 .07 .25 0.8 32 25 43 16 5 267 33 50 80 451 
Cak 127-135 tee +05 +24 0.7 “ 22 44 6 4 325 35 29 7 470 
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Table A2 Physical and chemical properties of the Beaverhills - Camrose - Daysland (Bh - Cam - Dl) sequence 
Oxalate extractable Particle-size separates 
Depth pH in 0.01 AL Fe Organic C Sand Silt Clay Al-P Fe-P Ca-P Occl-P Organic P Residual P Total P 
Horizon em M Cacl, 4 % h % vA % ppm ppm ppm ppm ppm ppm ppm 


ee hw hw nw 


BEAVERHLILLS 
Profile 1 
Ah 0- 25 5.3 +15 +17 5.5 35 24 31 15 36 62 39 610 48 B10 
Bm 35- 65 5.6 .09 -18 1.0 30 29 41 6 25 123 30 99 75 358 
Ck 75-100 4.3 -03 «19 0.5 45 25 30 3 1 315 18 51 70 458 
Profile 2 
Ah O- 25 5.4 «AS +21 3.6 36 27 37 20 56 108 76 445 67 774 
Bm 25- 70 5.6 «10 19 0.8 35 26 39 7 26 172 54 135 47 441 
Ck 70-100 7.3 -04 +21 0.6 36 27 37 3 3 333 30 42 89 500 
Profile 3 : 
Ah 0- 15 6.3 is +14 4.3 42 29 29 25 43 80 50 511 72 781 
Bm 15- 45 6.3 ye | ell 0.7 43 22 35 8 21 73 44 103 46 295 
Ck 45-100 7.4 04 +17 0.7 47 23 30 6 1 273 29 56 62 427 
CAMROSE 
Profile 1 
Ah O- 15 4.7 -28 39 4.3 38 35 27 8 27 30 36 792 89 982 
Bntl 29- 39 6.9 17 32 0.9 27 39 34 2 18 92 52 170 86 420 
Bat2 39- 49 7.5 oh2 36 0.5 41 26 33 2 21 129 45 118 67 382 
Csaca 49- 380 8.1 «04 -23 0.4 31 28 41 6 tr 402 15 73 49 545 
Profile 2 
Ah 0- 10 4.7 33 47 8.5 25 46 29 51 123 26 85 1,334 64 — 1,683 
Butl 12- 22 6.3 w32 +42 1.9 15 37 48 12 31 39 54 193 84 413 
Bat2 22- 27 7.0 26 +36 1.4 13 38 49 12 24 54 71 137 48 346 
Csaca 32- 70 8.0 -10 36 0.3 34 23 43 8 26 290 72 65 17 478 
‘'* 
Profile 3 = ; 
Ah 0- 10 4.5 +26 -47 10.8 27 52 21 27 90 10 58 1,420 130 1,735 
Baotl 14- 20 6.2 +26 +50 2.0 23 29 48 4 35 107 60 376 77 659 
Bnt2 20- 30 7.8 Ar +41 1.5 24 22 54 3 21 127 58 258 78 545 
Csaca 40- 70 8.4 - 06 233 0.5 22 29 49 6 2 464 45 64 71 652 
DAYSLAND 
Profile 1 
Ah O- 15 Se +15 CE} 5.7 41 37 22 18 42 60 76 813 55 1,064 
Ae 25- 30 4.9 okt Bi be) 1.1 58 24 18 24 46 43 62 268 53 496 
Bnotl 35- 45 6.6 -ll 28 1.0 37 37 26 8 24 110 76 191 46 455 
Bat2 45- 55 7.4 -10 oy 0.5 52 24 24 6 23 159 71 96 47 402 
Csak 65- 95 8.4 -06 .29 0.3 32 27 41 16 tr 422 83 40 75 636 
Profile 2 
Ah O- 15 5.1 19 +24 5.7 44 35 21 24 38 38 30 735 48 913 
Ae 15- 25 4.8 -10 +17 0.8 56 24 20 7 25 53 30 190 114 419 
Bntl 28- 43 S25 22 nen 0.9 40 22 38 6 36 76 52 188 96 454 
Bnt2 43- 63 6.8 -10 «23 0.6 38 23 39 3 25 127 44 98 97 39% 
Csak 90-100 res +05 223 0.5 36 25 39 1 tr 366 16 19 159 561 
Profile 3 
Ah 0- 10 LP 15 +30 7.2 38 41 21 22 52 35 52 992 34 1,187 
Ae 10- 20 4.5 Fy =} 19 1.3 45 33 22 10 31 27 55 276 - 66 465 
Batl 25- 35 6.3 16 28 1.0 36 25 39 3 28 73 60 158 55 377 
Bat2 35- 45 6.9 13 025 0.8 38 25 37 1 25 110 64 122 54 376 
ck 60- 90 7.6 .06 22 0.3 43 29 28 4 26 354 55 50 67 556 
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Table A3 Physical and chemical properties of the Cooking Lake - Dnister - Nakamun (Ck - Dn - Nk) sequence 


Oxalate extractable Particle-size separates 
Depth pH in 0.01 Al Fe Organic C Sand Silt Clay Al-P Fe-P Ca-P Occl-P Organic P Residual P Total P 
ed ces Bp catl, % % % % % % ppm = ppm ppm ppm ppm ppm ppm 
COOKING LAKE 

Profile 1 

Ae 2- 15 6.2 -08 -20 0.6 47 30 23 20 52 21 70 116 31 310 
Bel 25- 50 5.0 15 «35 0.4 36 20 44 2 22 15 44 98 46 227 
Br2 50- 95 4.7 «15 54 0.5 21 31 48 6 63 54 64 102 33 322 
Ck 145-160 72 +05 +10 0.3 38 25 37 3 1 356 53 47 70 530 
Profile 2 

Ae 2- 12 4.8 -05 ey 0.5 46 32 22 6 24 15 31 122 56 254 
Bel 20- 40 4.2 -16 wok 0.5 36 21 43 3 26 9 54 117 63 272 
Be2 40- 90 4.2 +14 223 0.4 34 23 43 6 46 33 63 113 7 298 
ck 130-150 7.0 -05 16 0.3 38 23 39 3 3 345 34 49 100 534 
Profile 3 

Ae 5- 20 5.6 04 +08 0.5 46 34 20 21 46 56 38 86 26 273 
Bel 27- 50 5.0 «14 +17 0.6 34 25 41 2 35 50 50 122 19 278 
Bt2 50- 80 5.0 +13 +22 0.5 35 22 43 2 38 88 65 102 23 318 
Ck 115-150 7.0 +05 -16 0.3 41 22 37 1 4 363 46 52 44 510 

DNISTER 

Profile 1 

Ae 2- 15 4.4 +08 +14 0.4 58 24 18 16 33 20 24 112 87 292 
Baotl 15- 28 6.0 +15 +28 0.5 31 28 41 6 22 68 65 113 51 325 
Bnt2 28- 64 6.9 213 -33 0.6 30 23 47 4 28 209 57 98 40 436 
Ck 86- 96 7.5 +06 +27 0.5 30 25 45 3 2 366 28 57 88 544 
Profile 2 

Ae 4- 8 4.3 -16 +48 1.4 35 35 30 3 45 45 52 232 4% 411 
Bntl 8- 28 4.6 +25 -50 1.2 30 24 46 2 52 119 53 228 41 495 
Bnt2 28- 51 7.2 -06 33 0.8 30 25 45 10 4 424 35 88 53 614 
Ck 8l- 91 7.4 -08 .08 0.2 20 32 48 ll 3 366 9 22 60 471 
Profile 3 

Ae 5- 16 4.2 +18 44 0.6 25 55 20 12 67 104 41 84 60 368 
Bnel 16- 27 4.4 +23 +40 0.7 28 35 37 6 35 94 41 157 42 375 
Bnt2 27- 58 5.4 019 +30 0.7 36 23 41 7 29 177 43 131 49 436 
Csaca 58-117 7.6 -05 -20 0.3 37 24 39 “| 1 412 48 49 26 539 

NAKAMUN 

Profile 1 

Ae 4- 20 4.1 -10 ~24 0.2 42 42 16 7 36 40 47 66 22 218 
Botl 28- 46 4.1 +23 -49 0.6 28 22 i 50 12 86 53 65 113 33 362 
Bnt2 46- 64 4.4 -19 41 0.6 30 22 48 ll 73 130 39 106 62 421 
Ck 102-122 7.1 - 06 +29 0.5 33 24 43 6 8 369 28 55 48 514 
Profile 2 

Ae 5- 13 4.2 «ll «41 0.9 34 44 22 17 82 69 66 133 63 430 
Baotl 21- 34 5.5 -16 36 0.5 28 23 49 9 48 85 88 119 32 381 
Bnt2 34- 46 6.8 -10 +30 0.4 36 23 41 6 36 140 73 85 32 372 
Csaca 46-122 7.6 .05 «23 0.3 35 “26 41 2 1 378 35 24 87 527 
Ae S- 15 4.8 .05 +23 0.4 26 56 18 4 31 116 33 88 58 330 
Bocl 18- 25 6.2 +21 37 0.8 29 31 40 12 4S 226 47 178 57 565 
Bnt2 25- 41 753 ll 21 0.5 37 24 39 3 9 318 45 119 49 543 
Ceak 81-117 7.7 +05 24 0.3 39 24 37 2 3 398 47 35 68 553 
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Table A5 


Sample no* 


16 


17 


Legal locations of the Ap horizon samples from the 


Tofield - 


Solonetzic sample 


SH 


z 


z 


Ryley area 


27-49-17-W4 
26-49-17-W4 
14-49-17-W4 
23-49-17-W4 


23-49-17-W4 


24-49-17-W4 


25-49-17-W4 
24-49-17-W4 
24-49-17-W4 
24-49-17-W4 
10-50-17-W4 
09-50-17-W4 
09-50-17-W4 
27-50-17-W4 
28-50-17-W4 
25-50-17-W4 


24-50-17-W4 


* The samples are not paired. 


Chernozemic sample 


SE 


SW 


SW 


z 


31-50-19-W4 
31-50-19-W4 
19-50-19-W4 
36-50-20-W4 
30-50-19-W4 
30-50-19-W4 
31-50-19-W4 
31-50-19-W4 
31-50-19-W4 
29-50-19-W4 
29-50-19-W4 
29-50-19-W4 
21-50-19-W4 
17-50-16-W4 
18-50-16-W4 
30-50-19-W4 


30-50-19-W4 
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Table A6 


Legal locations of the virgin soil profiles 
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Soil series Profile tf Profile 2 Profile 3 

Maleb, Mb NE 16-26-04-wW4 SE 20-28-03-W4 NW 23-25-06-W4 
Hemaruka, Hu SW 27-27-10-W4 NW 04-33-13-W4 NW 24-33-11-W4 
Halliday, Hd SW 27-27-10-W4 NW 04-33-13-W4 SE 27-36-14-W4 
Beaverhills, Bh NE 19-48-21-W4 SE 26-48-21-W4 NE 31-48-20-W4 
Camrose, Cam NE 19-50-18-W4 SE 23-49-18-W4 NE 32-49-18-W4 
Daysland, Dl NW 11-45-16-W4 SE 29-44-15-W4 NW 31-44-15-W4 
Cooking Lake, Ck SW 13-51-22-W4 NE 35-50-22-W4 SW 34-51-22-W4 
Dnister, Dn NW 35-56-02-W5 SW 30-57-02-W5 NW 34-59-27-W4 
Nakamun, Nk SW 05-57-01-W5 SW 16-59-26-W4 SW 34-59-27-W4 
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Table A7 


the greenhouse experiment 
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Legal locations of the Ap horizon samples used for 


Sample no* 


1 NE 
2 NW 
3 NE 
4 SW 
5 NW 
6 EH 
7 SE 
8 NE 
9 SE 
10 NW 


Solonetzic sample 


27-49-17-W4 
26-49-17-W4 
14-49-17-W4 
23-49-17-W4 


24-49-17-W4 


09-50-17-W4 


25-50-17-W4 


24-50-17-W4 


18-39-18-W4** 


15-47-17-W4** 


Chernozemic sample 


SE 


SE 


31-50-19-W4 
36-50-20-W4 
30-50-19-W4 
31-50-19-W4 


29-50-19-W4 


17-50-16-W4 
30-50-19-W4 
24-51-25-W4x%* 
11-54-22-W4e** 


24-40-27-W4*** 


wiek 


The samples are not paired. 


Samples from the Camrose - Stettler area. 


Samples from the Edmonton - Lacombe area, used in a previous 


investigation (Omanwar, 1970). 
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Table A8 Sorption of added phosphorus during NH,Cl and 


4 
NH) F extractions* 
24.9 ug P/50 ml of 37.3 ug P/50 ml of 
NH, Cl extract NH) F extract 
Sample Proportion of Correction Proportion of Correction 
no sorbed P factor sorbed P factor 


cr ee NTE SS RT te ER ARR A SR SE ED OEE 


SOLONETZIC SAMPLES 


1 .16 1.19 -.01 0.99 
2 ~ 50 2.00 pee 1.14 
3 «41 1.69 14 LsiG 
9 -.12 0.89 -.02 0.98 


CHERNOZEMIC SAMPLES 


3 15 1.18 05 | PR Be 
5 35 1.54 18 i 4 
8 42 Luiz 16 Lane 
9 -.17 0.85 09 1.10 


* Method as outlined by Smith (1965a) except that one phosphorus 
standard was used. 
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Table AY 


Dry matter yield of barley 


Yield, g/pot 


Replicates 
ppm P 
Sample no applied i Z 3 
SOLONETZIC SAMPLES 

1 0 2. 02. 210i L933 
20 2.10 pap Ie) TRG I 
40 7 Aes 2.26 2 2D 

2 0 0.87 boy Lig, 
20 1.86 1. 96 2.01 
40 Jase 2.42 Zp As, 

3 0 1. LG 1.14 1.04 
20 1 OL 1.99 P83 
40 2.34 2.04 AEG 

4 0 1.30 2.13 2.07 
20 Dees 2.46 Pare 
40 2202 2212 22.05 

5 0 1.68 1.64 1976 
20 1.87 2.24 2.18 
40 2.42 2.42 2.08 

6 ) 1.30 1.24 1.40 
20 L<78 1.62 Teor 
40 1.82 1.74 1.85 
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Table A9 (Continued) 

Yield, g/pot 

pa P Replicates 
Sample no applied 1 2 3 
7 0) 1221 17 1.43 
20 1 i 1 1.85 1.66 
40 1.80 1.89 2.04 
8 0 i ieaal fyrA 2.06 1.88 
20 1.66 2.27 2.20 
40 2.06 2426 .07 
9 0 2.08 2.26 39 
20 2.59 2363 Pd fa\l 
40 2.66 2.94 2236 
10 0 1.93 2.04 76 
20 2225 240 2.04 
40 2.44 2.30 2.50 

CHERNOZEMIC SAMPLES 

1 0 2.39 2.38 2 On 
20 2,63 2.92 3418 
40 Swe 3.29 3.18 
A 0 1.66 LY 1.76 
20 2 5 2.34 2.03 
40 2.46 2.28 2.08 
3 0 2 a2 2.41 2 44) 
20 3.22 3,44 2.83 
40 3.59 3.07 2.97 
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Table A9 (Continued) 
Yield, g/pot 
ppm P Replicates 
Sample no applied 1 2 3 

4 0 wee 2.46 2e43 
20 2.68 2.76 2.53 
40 2,15 2.88 2.81 
5 0 0.84 0.86 0.80 
20 1.80 1.92 2.00 
40 Dace Diet 2.50 
6 0 (Wess) 1.82 1.60 
20 Ze07 2els 2.02 
40 Zeo0 Ze00 2.45 
7 0 1.86 2.23 2.10 
20 2cas 2.46 2.34 
40 V2 2.76 Zito 
8 0 Cais 0.78 0.58 
20 Ze 1.05 PLO 
40 1.86 1.56 Lyi? 
9 0 Powe Lott Loc 
20 2.68 2.159 23.63 
40 2.89 2,62 2.64 
10 0 2.65 2.43 pe 
20 AY a 302? 3.06 
40 3.00 Soke 2.97 
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Table A110 


of nitrogen by barley 


Sample no 


mW FF WwW ND 
nF Om Ww 


10 


Oo Co nN OO 
Fun F&F 


% N 


ppm P applied 


0 


Mean + s.d. 4.98 + 


SOLONETZIC SAMPLES 


3. 
3. 
4. 
-66 
gue 


CHERNOZEMIC SAMPLES 


FP FF FF KF W 


40 


58 
84 
06 


o71 


20 


was 
~42 
.02 


£53) G10 87 


1 4.00 3.18 
2 5.00 3.88 
3 4.28 3.64 
4 4.06 3.30 
5 6.26 3.40 
6 4.33 ye 
7 4.62 3292 
8 B02 2.88 
9 5.84 4.40 
10 3.91 3.78 
Mean + s.d. 4.79 + .85 


3.50 + .43 


Per cent nitrogen in the plant tissue and uptake 


mg N/pot 

ppm P applied 

0 40 
80 82 
62 89 
62 88 
97 75 
86 118 
65 67 
63 80 
97 95 
TALS) 117 
93 97 

G2 “awk 9 + J ae 17 
97 104 
86 88 
96 117 
95 93 
BZ. 80 
73 81 
95 91 
39 50 
103 120 
100 DES 
84 + 22 94 # 21 


90 


ee eee ae 
A 


vi 


si yr am 7 


| paliqga ¢ mo 


Gs 0 
$8 08 
05 Se 
88 £8 
f 35 
gil ab 
va 2a 
0g te 
20 "ve 
Tri ers 
ve ee 
+ JR Cl « St 
sor ¥e 
a8 a. 
‘ia ae 
ge  e@ 
oe Sé 
8 £¥ 
£9 ee 
Oe Re 
ass ca! 
esl Oot 


tA, + O8.£ 


BPE 0,¢ 
BB.E aoLe 
aa,£ 6S.4 
Of .f 30.0 
osie as.@ 
"Se fe.8 
CE ‘Sd.4 
68.8 | 88.8 
Gd os! MBAR 
are 1. 


athe : ma 
230.d .bve ¢ neem 


“oa 


en, a bo dl 


aoe ee we fF tf 7 HR hb 


y Seer 


Table All Per cent phosphorus in the plant tissue and uptake 


of phosphorus by barley 


wee mg P/pot 
ppm P applied ppm P applied 
Sample no 0 40 — 0 40 


SOLONETZIC SAMPLES 


1 25 .38 Dek 8.6 
2 20 129 PANS 6.8 
3 a25 AY he 2.8 eRe) 
4 27 -45 5.5 9.3 
5 =20 529 3.4 6.7 
6 26 34 oo 6.0 
7 21 aod Za9 7.0 
8 28 36 Saiz Coal. 
9 26 . 36 5.7 9.4 
10 .24 . 36 425 8.7 
Mean + s.d. 24 + .03 -34 + .06 A ist 1.3 7.6 + 1.4 


1 25 49 6.1 16 

2 26 44 4.6 10 

3 18 46 ie 15 

4 31 49 73 14 

5 22 33 1.8 iad 

6 223 48 3.8 12 

7 “23 43 4.7 12 

8 114 28 1.0 4.9 

9 .20 42 3.6 11 

10 26 a5 6.6 16 
Mean + s.d. .23 + .05 44 + .08 4.442.0 12+ 3.6 
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